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Abstract

Aims: To build a tool to assess the management of inpatients with diabetes mellitus

and to investigate its relationship, if any, with clinical outcomes.

Materials and methods: A total of 678 patients from different settings, Internal Medi-

cine (IMU, n = 255), General Surgery (GSU, n = 230) and Intensive Care (ICU, n = 193)

Units, were enrolled. A work-flow of clinical care of diabetes was created according to

guidelines. The workflow was divided into five different domains: (a) initial assessment;

(b) glucose monitoring; (c) medical therapy; (d) consultancies; (e) discharge. Each domain

was assessed by a performance score (PS), computed as the sum of the scores achieved

in a set of indicators of clinical appropriateness, management and patient empower-

ment. Appropriate glucose goals were included as intermediate phenotypes. Clinical

outcomes included: hypoglycaemia, survival rate and clinical conditions at discharge.

Results: The total PS and those of initial assessment and glucose monitoring were

significantly lower in GSU with respect to IMU and ICU (P < .0001). The glucose

monitoring PS was associated with lower risk of hypoglycaemia (OR = 0.55;

P < .0001), whereas both the PSs of glucose monitoring and medical therapy resulted

associated with higher in-hospital survival only in the IMU ward (OR = 6.67 P = .001

and OR = 2.38 P = .03, respectively). Instrumental variable analysis with the aid of PS

of glucose monitoring showed that hypoglycaemia may play a causal role in in-

hospital mortality (P = .04).

Conclusions: The quality of in-hospital care of diabetes may affect patient outcomes,

including glucose control and the risk of hypoglycaemia, and through the latter it may

influence the risk of in-hospital mortality.
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1 | INTRODUCTION

Diabetes mellitus (DM) is a global epidemic. Approximately 415 million

adults worldwide1 have DM and these estimates and the disease-related

costs are expected to at least double in the next 25 years. Notably, 12%

to 25% of patients admitted in medical wards, surgery and intensive

care units have DM.2 Hospitalized patients with DM show increased

rate of complications—mostly infections, a more severe prognosis, an

extended length of stay and doubled costs of care compared with hospi-

talized patients without DM.3 In-hospital hyperglycaemia is closely

related to adverse outcomes4 and to short-term mortality in all clinical

settings in patients with and without history of DM.2,5,6 Accordingly,

fair, but perhaps not tight, glucose control positively affects in-hospital

morbidity, mortality and health care economic outcomes.2,5,7 However,

in-hospital achievement of appropriate glucose goals is hampered by

several factors such as the severity of the intercurrent illness, medica-

tions and nutritional management. In addition, tackling glucose goals

with intensive insulin regimens raises substantial concerns about the

risks of (severe) hypoglycemic events with potential related adverse

(cardiovascular) outcomes.8-10 In-hospital management of diabetes in

non-specialistic settings is indeed complex and the management of DM

and hyperglycaemia still remains suboptimal with large differences

between and within hospitals and clinical settings.11

Improving the current less than satisfactory in-hospital care of

diabetes mellitus requires, among other things, to develop: (a) a tool

to assess and (b) a training program for health professionals to raise

the quality of inpatient diabetes care.

To date, no specific training programs for both physicians and nurses

have been validated to raise the standards of diabetes care, and in-hospital

diabetes management remains largely dependent on unstandardized indi-

vidual/ward clinicians' awareness and specific competence.

The Governance of Hospitalized Diabetic patient in non-specialistic

settings (GOVEPAZ) study is a cluster-randomized, active-control, two-

parallel group, intervention study (clinicaltrials.gov identifier

NCT02640768) conducted in a number of non-specialistic inpatient

wards. GOVEPAZ was structured as a 2-stage study. In stage 1 (assess-

ment), the aim of GOVEPAZ was to develop a performance score of the

quality of inpatient diabetes care and to assess its cross-sectional valid-

ity as a marker of metabolic and clinical outcomes. In stage 2 (interven-

tion), the aim of GOVEPAZ was to develop and to implement a

structured educational program for health professionals to be compared

with no educational intervention as to the efficacy in improving the per-

formance score of inpatients diabetes care and some clinical outcomes.

We herein present the results of stage 1 of GOVEPAZ.

2 | MATERIALS AND METHODS

2.1 | Study population

The study included non-selected individuals with diabetes prospectively

and consecutively admitted within a 3-month period in three different

non-specialistic wards from January 1, 2012, to May 14, 2014: Internal

Medicine (IMU), Surgery (GSU) and Intensive Care (ICU) Units of six hospi-

tals of the Emilia Romagna Region in Northern Italy (Parma, Piacenza,

Montecchio Emilia, Ferrara, Carpi, Bologna). The main inclusion criteria

were age ≥18 years and diabetes defined as fasting blood glucose

≥126 mg/dL (7 mmol/mol) or random blood glucose ≥200 mg/dL

(11.1 mmol/mol) and/or HbA1c ≥6.5% (48 mmol/mol) and/or previous

known diabetes or diabetes medication (according to American Diabetes

Association criteria12) at admission. Main exclusion criteria were age

≤18 years, pregnancy and admission for acute diabetes complications

(ketoacidosis, hyperosmolar coma, hypoglycaemia). Patients admitted with

stress hyperglycaemia (17% of total) were also excluded from the study

analysis. Clinical records of patients admitted, and meeting inclusion

criteria were examined by a diabetes specialist at discharge in order to

obtain information on metabolic markers and clinical outcomes and to

assess the presence of clinical performance indicators.

The study was conducted according to the guidelines of Good

Clinical Practice and the Declaration of Helsinki. The protocol was

approved by the local Ethics Committee “Comitato Etico Unico per la

Provincia di Parma” (Prot.6968, February 21, 2012). All subjects pro-

vided written informed consent prior to study entry.

2.2 | Performance metrics and scores

The assessment of clinical management of diabetes was based on a set of

clinical performance indicators identified by a panel of diabetes specialists

in accordance with National and International recommendations.13-16

Five different domains of the inpatient management, which can be

retrieved from medical records, were first identified: (a) assessment at

admission; (b) glucose monitoring; (c) management of medical therapy;

(d) management of consults; (e) management of discharge. Each domain

included a number of indicators of clinical process and appropriateness

(performance metrics) (Table 1).17,18 These indicators were used to com-

pute a composite performance score of appropriateness and (presumed)

efficacy of inpatient diabetes management. The composite score was gen-

erated by assigning a score to each indicator based on the scoring method

previously reported by Rossi et al.19 Specifically, for each item, a score of

1 was assigned when the indicator was recorded/fulfilled, and a score of

0 when the indicator was not detected in the medical records. Therefore,

the score of each domain could range from 0 to the maximum number of

indicators included in the domain (Table 1). The composite, multi-domain

performance score was the sum of the scores of all five domains.

The Charlson comorbidity index (CCI)—which takes into account

the number and the severity of comorbid diseases—was calculated as

a measure of comorbidity, which is known to predict the risk of short-

term mortality in patients enrolled in longitudinal studies.20

2.3 | Glucose control intermediate phenotypes and
clinical outcomes

Two intermediate metabolic phenotypes were retrieved to be corre-

lated cross-sectionally with the composite performance score:
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1 Mean percentage change in glucose levels between plasma glucose

at admission and during the last 48 hours before discharge: ([mean

glucose at admission-mean glucose at discharge]/ mean glucose at

admission) × 100;

2 Achievement of glucose goals (four consecutive pre-meal blood

testing ≤130 mg/dL [7.2 mmol/L] or post-prandial ≤180 mg/dL

[10 mmol/L], or four consecutive blood testing between 140 and

180 mg/dL [7.8-10 mmol/L] in critically ill patients);

A set of clinical outcomes was retrieved to be correlated cross-

sectionally with the composite performance score:

1 Any hypoglycaemia, defined as blood glucose ≤70 mg/dL

(3.9 mmol/L)21

2 Documented severe hypoglycaemia, (blood glucose ≤40 mg/dL

[2.2 mmol/L] with or without clouding of consciousness)

3 Survival rate during hospitalization

4 Discharge condition (a score of 0 was assigned in the event of death or

transferral to a ward at higher intensity and a score of 1 in the event of

home discharge or transferral to a ward at lower intensity of care)

2.4 | Statistical analysis

Data are presented as means ± SD or median and interquartile range

(IQR), where appropriate. To assess differences among wards,

ANOVA, χ2 test and Kruskal–Wallis tests were used.

The cross-sectional associations between performance scores

and intermediate phenotypes and clinical outcomes were tested using

logistic regression models, in which performance scores along with

age, gender, admission glycaemia, ward type, steroid and glucose-

lowering therapy and Charlson index were treated as independent

variables. A two-stage least squares logistic regression model was per-

formed to investigate the causal relationship between hypoglycaemia

and the risk of in-hospital mortality. The explanatory variable was any

hypoglycaemia (glucose values <70 mg/dL; 3.9 mmol/L). The instru-

mental variables were the PS of glucose monitoring, with the addition

of age, CCI and steroid and glucose-lowering therapy as confounders.

Statistical analysis was performed using SPSS (IBM SPSS statistics

v.22). Statistical significance was set at a two-tailed P < .05.

3 | RESULTS

A total of 678 hospitalized patients with diabetes (IMU n = 255, ICU

n = 193, GSU n = 230) were enrolled in stage 1 (assessment) of

GOVEPAZ.

The main demographic, clinical characteristics and glucose-

lowering medications of study subjects admitted in the different

wards are reported in Table 2. Mean age was higher in IMU

(P < .0001) compared with ICU and GSU. Male gender was less preva-

lent in IMU (P = .001). Comorbidity Charlson Index and length of stay

were significantly higher in patients admitted to IMU (both P < .0001)

than those in ICU and GSU. As expected, glucose values at admission

TABLE 1 Domains, performance metrics and scoring system

Domains Indicators (performance metrics) Score

Initial assessment Record of admission glycaemia 0–5

Record of fasting plasma glucose

Record of HbA1c

Appropriate diagnosis of DM

Records of history of presence/absence of pharmacological DM therapy

Glucose monitoring Appropriate glucose monitoringa 0–4

Presence and use of specific forms for glucose records

Presence of clinical protocols to manage hypoglycaemia

Presence of clinical protocols to monitor and manage glucose in critically ill patientsb

Medical therapy Record of time of insulin therapy records 0–3

Record of dose of insulin therapy records

Interruption of metformin therapy when indicatedc

Management of consults Diabetes specialist consultation 0–2

Diabetes nursing consultation

Management of discharge Planning of diabetes follow-up visit after discharge 0–3

Self-glucose monitoring education

Diabetes self-management education

aAt least 80% of three daily pre-meal glucose testing, or, in critically ill patients, glucose monitoring according to the specific ward protocol.
bPatients admitted for acute critical illnesses (ie, myocardial infarction, stroke, septic shock or severe respiratory failure) requiring intensive or

semi-intensive therapy and/or, as a rule, not eating during the first 24 to 72 h.
cImpaired kidney function, heart failure, hypoxemia, cirrhosis, contrast exposure, surgery and shock.
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were significantly higher (P < .0001) in ICU compared with other set-

tings. Patients were comparable for HbA1c and DM duration among

wards.

Steroid therapy at admission was less represented in GSU com-

pared with IMU and ICU settings (P < .0001).

Glucose-lowering medications at admission showed a higher fre-

quency of no therapy in ICU compared with the other settings

(P = .001). No differences were detected in the distribution of

glucose-lowering medications among the other settings (Table 2).

3.1 | Performance scores

Total performance score was significantly lower in the GSU compared

with the IMU and ICU settings (P < 0.0001). The performance scores

in the domain of patient's initial assessment and glucose monitoring

were statistically lower (both P < 0.0001) in GSU compared with IMU

and ICU (Table 3). Performance scores were similar across wards in

the domains of management of clinical therapy. Performance scores in

the domain of management of consults were higher in ICU compared

with IMU and GSU wards (P = .05), whereas IMU showed higher PS in

the domain of management of discharge compared with GSU

wards (P = .003).

3.2 | Glucose control intermediate phenotypes

The percentage change in glucose values between admission vs the

last 48 hours did not differ among wards. Glucose goals during the

hospitalization were achieved by 247 (36%) patients, without differ-

ences among wards (Table 4).

3.3 | Clinical outcomes

No difference was observed in the number of (severe) hypoglycemic

events among wards; 161 patients (26%) experienced at least one

hypoglycemic event and 16 patients (2.0%) experienced at least one

severe hypoglycemic event.

Survival rate during hospitalization was 95% in the whole cohort,

significantly higher in SU (99%) compared with IMU (96%) and ICU

(90%) (P < .0001).

Patients admitted in IMU and GSU were discharged home more

frequently than those admitted in ICU (94% in IMU; 95% GSU and

88% in ICU, respectively, P < .01); 7% of all patients experienced a

worsening of their clinical condition (deceased or transferred to a

higher intensity care ward) (Table 4).

3.4 | Determinants of clinical outcomes

At univariate analysis, clinical outcomes were not influenced by age,

gender, CCI and diabetes duration. Glucose values at admission

resulted significantly and negatively associated with the achievement

of glucose target [OR = 0.998(0.996-1.00) P = .02]. Steroid therapy

was negatively associated with the achievement of glucose target

[OR = 0.86(0.39-0.88), P = .01], in-hospital survival (OR = 0.31

[0.15-0.65], P = .002) and to a worse discharge condition [OR = 0.34

(0.18-0.64), P = .001]. Mean glucose percentage change was signifi-

cantly affected by glucose level at admission (β = 0.034, P = .02).

Glucose-lowering therapy at admission with sulphonylureas/glinides

and with insulin was significantly associated with increased risk of

hypoglycaemia [OR = 2.45(1.46-4.11)] and [OR = 2.62(1.59-4.31)],

respectively. In addition, insulin therapy was negatively associated

TABLE 2 Demographic, clinical characteristics and glucose-lowering medications of patients admitted in the different wards

Internal medicine N = 255 Intensive care N = 193 Surgery N = 230 All N = 678 P value

Age (yrs) 78 ± 10 74 ± 10 74 ± 10 76 ± 10 <.0001

Gender (Male) (%) 121 (48) 120 (62) 145 (63) 386 (57) .001

Charlson index 3 (2-4) 2 (1-3) 2 (1-3) 2 (2-4) <.0001

Length of stay (days) 8 (5-12)

10.2 ± 8.3

6 (4-11)

8.7 ± 8.4

6 (3-11)

9.0 ± 11.9

7 (4-11)

9.4 ± 9.7

<.0001

HbA1c % (mmol/mol) 7.4 (6.5-8)

57.4 (47.9-63.5)

7.2 (6.6-8.3)

55.2 (48.6-67.1)

7.34 (6.5-7.9)

57 (47-63)

7.1 (6.5-8.2)

57 (48-66)

.92

DM duration (yrs) 9 (6-13.8) 8 (6-20) 9 (2.5-11.5) 9 (5-14) .45

Glucose at admission (mg/dl) 169.5 (126-229) 194 (156-260.5) 147 (117-197) 172 (131-230) <.0001

Steroid therapy at admission 72 (28.2) 56 (29.0) 21 (9.1) 149 (22.0) <.0001

Glucose-lowering medications

None or diet (%) 39 (15.5) 50 (26.4) 30 (13.3) 119 (17.9) .001

Biguanide (%) 39 (15.5) 22 (11.6) 41 (18.2) 102 (15.3) .18

Sulfonylurea/glinides (%) 80 (31) 46 (24) 63 (27) 189 (28) .23

Insulin (%) 87 (34.5) 63 (33.3) 75 (33.3) 186 (27.9) .95

Others or unknown (%) 7 (2.8) 8 (4.2) 21 (9.3) 16 (2.4) .08

Note: Data are given as absolute number (%), mean ± SD or median (IQR).
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with the achievement of glucose targets [OR = 0.34(0.23-0.52)]. Clini-

cal outcomes were highly dependent on the type of ward. Specifically,

in-hospital survival and management of discharge were worse in ICU

vs IMU [OR = 0.41 (0.19-0.89); P = .02] and OR [0.43 (0.21-0.88),

P = .001], respectively; whereas GSU ward showed higher but not sig-

nificant survival rates vs IMU [OR = 2.56(0.69-9.49)].

3.5 | Relationships between performance scores,
glucose control intermediate phenotypes and clinical
outcomes

To assess whether the performance scores were associated to the glu-

cose intermediate markers and/or to the clinical outcomes, a multivar-

iable regression model was applied to the whole cohort, adjusting for

age, gender, CCI, glucose levels at admission, known disease duration

and ward type, steroid and glucose lowering therapies (Table 5).

A higher total performance score was directly significantly associ-

ated with a higher likelihood of reaching glucose targets [OR = 1.136

(1.013-1.274)] and to an increased survival rate [OR = 1.464

(1.070-2.002)], the latter limited to the IM setting [OR = 2.702

(1.479-4.936)] (Table 5). No other significant associations were

evident between total PS and the remaining glucose intermediate

phenotypes nor clinical outcomes (Table 5).

We further explored whether the performance scores in the sin-

gle domains were associated to glucose intermediate markers and/or

to clinical outcomes (Table 5). A higher score in the initial assessment

was associated with an increased likelihood of reaching glucose tar-

gets [OR = 1.45 (1.05-1.98)]. Of note, a higher score in the glucose

monitoring domain was associated with a reduced risk of hypoglyce-

mic events [OR = 0.55 (0.41-0.72) P < .0001]. This result remained

unchanged also after correction for the number of glucose measure-

ments [OR = 0.46 (0.34-0.63) P < .0001]. No significant association

was found between the performance scores in the domains of man-

agement of medical therapy and of discharge and clinical outcomes.

A significant interaction in ward type was observed in the domain

of glucose monitoring for survival and management of discharge out-

comes; in the IMU ward, the PS in the domain of both glucose moni-

toring and medical therapy (both P for interaction = .005) was

positively associated with in-hospital survival: [OR = 6.27 (1.94-20.24)

P = .002] and [OR = 3.11 (1.26-7.70) P = .01], respectively. A higher

PS in glucose monitoring resulted also associated with a better man-

agement of discharge only in the IMU setting [OR = 2.93

(1.28-6.69), P = .01].

TABLE 4 Glucose intermediate markers and clinical outcomes among wards

Internal Medicine N = 255 Intensive Care N = 193 Surgery N = 230 All N = 678 P value

Mean glucose percentage change

(admission–last 48-h) ± SE

40.4 ± 3.7 36.0 ± 1.7 31.2 ± 3.0 36.3 ± 1.8 .11

Glucose target, n (%) 84 (33) 75 (40) 88 (38) 247 (36) .34

Hypoglycaemia, n (%) 64 (27) 51 (29) 46 (22) 161 (26) .22

Severe hypoglycaemia, n (%) 7 (3) 5 (3) 4 (2) 16 (2) .74

Survival rate, n (%) 244 (96) 174 (90) 227 (99) 645 (95) <.0001

Discharge condition, n (%) 243 (94) 152 (88) 216 (95) 602 (93) .01

Note: Data are given as n (%) for categorical variables and mean ± SE for continuous variables.

TABLE 3 Description of performance scores in the different domains among wards

Internal Medicine N = 255 Intensive Care N = 193 Surgery N = 230 All N = 678 P value

Initial assessment

(score 0-5)

4.36 ± 0.69

4 (4-5)

4.38 ± 0.75

5 (4-5)

3.73 ± 0.82

4 (3-4)

4.15 ± 0.81

4 (4-5)

<.0001

Glucose monitoring

(score 0-4)

2.99 ± 0.81

3 (2-4)

2.94 ± 0.84

3 (2-4)

2.71 ± 0.78

3 (2-3)

2.88 ± 0.82

3 (2-4)

<.0001

Medical therapy

(score 0-3)

2.56 ± 0.72

3 (2-3)

2.54 ± 0.70

3 (2-3)

2.53 ± 0.74

3 (2-3)

2.54 ± 0.72

3 (2-3)

.87

Management of consults

(score 0-2)

0.22 ± 0.49

0 (0-0)

0.28 ± 0.50

0 (0-1)

0.19 ± 0.44

0 (0-0)

0.23 ± 0.48

0 (0-0)

.05

Management of discharge

(score 0-3)

0.22 ± 0.5

0 (0-0)

0.18 ± 0.46

0 (0-0)

0.12 ± 0.41

0 (0-0)

0.18 ± 0.46

0 (0-0)

.013

Total PS score

(score 0-17)

10.4 ± 1.7

10 (9-11)

10.3 ± 1.7

10 (9-11)

9.3 ± 1.6

9 (8-10)

10.0 ± 1.8

10 (9-11)

<.0001

Note: Data are given as mean ± SD and median (interquartile range).
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In-hospital mortality was 33/678 (4.9%) with significant differ-

ences among wards (33% in IMU, 9% in GSU and 58% in

ICU) (P < .001).

Hypoglycaemia (also including severe hypoglycaemia) was more

frequently associated with in-hospital death (48% vs 25%, P = .005)

and negatively associated with home-discharge (25% vs 40%).

In multivariable logistic regression models (performance scores in

the single domains, age, gender, CCI, steroid and glucose therapy, glu-

cose level at admission and ward type entered as predictors), glucose-

lowering therapy with both sulphonylurea/glinides [OR = 2.21

(1.25-3.93) P = .007] and insulin [OR = 2.46 (1.39-4.38) P = .002] was

both independent, positive predictor of hypoglycaemia, whereas only

insulin therapy was negatively associated with the achievement of

glucose targets [OR = 0.23 (0.14-0.38) P < .0001]. Steroid therapy at

admission was a negative, independent predictor for the achievement

of glucose targets [OR = 0.49 (0.30-0.81) P = .006)], in-hospital sur-

vival [OR = 0.24 (0.10-0.58) P = .001] and a better discharge condition

[OR = 0.34 (0.16-0.71) P = .004].

Since the PS in glucose monitoring was negatively associated with

the risk of hypoglycaemia and positively associated with the likelihood

of in-hospital survival, and the relationship with the latter can hardly

be underlined by a direct causal role of PS, we exploited the relation-

ship between PS and the risk of hypoglycaemia to explore the hypoth-

esis of a cause-effect relationship between hypoglycaemia and risk of

in-hospital death. In a two-stage least squares model for in-hospital

survival of the whole cohort using hypoglycaemia as explanatory vari-

able, glucose monitoring performance score as instrumental variable,

with the addition of age, CCI, steroid and glucose-lowering therapy as

confounders, hypoglycaemia resulted a significant negative predictor

of in-hospital survival (β = −0.061, P = .04) along with steroid therapy

(β = −0.097, P < .0001).

4 | DISCUSSION

Stage 1 of GOVEPAZ aimed at developing a composite performance

score of quality of diabetes care in non-specialistic inpatient wards

and at testing its sensitivity to capture the risk(s) of poor clinical

outcome(s) in a cross-sectional setting.

Over one-quarter of hospitalized individuals have diabetes.2

Despite the large and increasing prevalence of patients with diabetes

requiring hospitalization and the robust evidence that there exist a

range of in-hospital glucose levels, which is strongly associated to bet-

ter clinical outcomes, only a very few studies have investigated the

flow of clinical milestones of diabetes care as a pre-requisite to

achieve better glucose control and, possibly, better clinical outcomes

during hospital admissions.22 This might be partly owed to lack of

evaluation tools to assess quality of diabetes care in hospitalized

patients. In an attempt to fill this gap, we constructed a composite,

multi-domain performance score inspired by the work done by Rossi

et al in the QuED and QUASAR study.19 Differently to the latter, in

which main process and intermediate outcome indicators were built

to assess the quality of care delivered to people with DM and its long-T
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term consequences in the outpatient setting, in GOVEPAZ, the per-

formance indicators were tailored for people with diabetes in the

inpatient setting.

Our data document that inpatient management of diabetes, as

assessed by our performance scores, is heterogeneous across differ-

ent types of hospital wards and that the performance score(s) of qual-

ity of diabetes care: (a) can track variability of glucose-control

intermediate phenotypes during hospital admission; and (b) is signifi-

cantly and independently associated to key clinical endpoints

including—but only in the IMU wards—in-hospital mortality (Table 5).

Specifically, despite the robust knowledge that appropriate peri-

operative assessment and management of glucose can prevent surgi-

cal complications—mainly infections—23the GSU wards in GOVEPAZ

showed a lower overall performance, specifically in pinpointing diabe-

tes at admission and in monitoring and managing glucose dys-

regulation compared with IMU and ICU settings (Table 4). These data

replicate and confirm previously published evidence.24 In the intensive

insulin protocol implementation and outcomes in the medical and sur-

gical wards at a Veterans Affairs Medical Center study, the implemen-

tation of a basal-bolus insulin protocol significantly reduced

hypoglycemic events, but increased mean blood glucose values. In

that study, the lack of adherence to protocol, barriers in overcoming

the use of the traditional sliding scale insulin regimens, staff education

and change of work-flow habits were suggested as main limiting fac-

tors in the achievement of the glucose goals.24 In GOVEPAZ, the per-

formance scores in the domains of management of consults and

discharge were much lower than desirable in all three types of wards,

suggesting that, in spite of known diagnosis of diabetes mellitus, the

perceived priority of high quality of diabetes care ranks low among

health professionals and/or it is not translated in effective work-flow

charts (Table 3). Indeed, in a retrospective study conducted in a US

academic teaching hospital, diabetes diagnosis was recorded at admis-

sion in 96% of patients with pre-existing disease, but daily progress

notes mentioned diabetes in only 62% of cases and 60% of discharge

notes, and just 20% of discharges indicated a plan for diabetes follow-

up.11 In a National Practice Survey in the US only �15% of certified

diabetes educators reported practicing in an inpatient setting to facili-

tate transitions and care,25 despite a consult-based diabetes transition

of care service is known to translate into beneficial clinical

implications—ie, decreased HbA1c post-discharge—as recently con-

firmed.26 The adherence of real world clinical practice to guidelines

regarding in-hospital diabetes management is reported to be rather

poor. A Spanish survey involving 1000 patients admitted to IMU

wards in 111 hospitals across Spain with hyperglycaemia/DM—who

were comparable for age, gender, duration of disease and mean HbA1c

to our population—showed a low adherence to the standards of dia-

betes care, starting with major gaps of hyperglycaemia/diabetes indi-

cators in the medical records.22 In that study only IMU wards were

included and a raw, unstructured list of indicators was used without

exploring the potential relationship with glucose control intermediate

phenotypes and with clinical outcomes during admission. Along the

same line, in a study conducted in a US population with diabetes, the

compliance of the health professionals to guidelines in insulin

prescriptions in IMU wards was 30% even in the presence of comput-

erized protocols.27 In sharp contrast, a recent Canadian study con-

ducted in a single IMU ward showed a good compliance (80%) to

National Guidelines of inpatient diabetes management, which was

associated to better glucose control during admission.28 However, the

latter study was monocentric, was conducted in a specialist ward and

excluded patients in poor glucose control at admission. The generali-

zation of its findings, therefore, should be cautious.

The type of glucose-lowering medications at admission, namely

sulphanilureas/glinides and insulin, were unsurprisingly associated

with an increased risk of hypoglycemic events. This study-performed

before the widespread use of incretin-based therapy and

SGLT2-inhibitors—confirms the detrimental association between iat-

rogenic hypoglycaemia and adverse clinical outcomes.29

In this study, steroid therapy association with worse outcomes

may be due to a typical “confound-by-indication” effect, but perhaps

also to untoward corticosteroid effects, such as greater susceptibility

to infection, fluid retention, hypokalemia, etc. GOVEPAZ was not

designed to address these questions.

A major finding of GOVEPAZ is the positive association between

performance score(s) and some clinical outcomes (Table 5). A signifi-

cant positive interaction was evident between higher overall PS and

the achievement of glucose goals and, at least limited to IMU ward,

in-hospital survival. The significant associations between a higher PS

in the domain of glucose monitoring and in the appropriate manage-

ment of medical therapy with a better survival, restricted to IMU

ward, strongly points to a higher capacity of the PS to track clinical

outcomes, particularly, in this setting.

Thus, evidence accrued from several sources, including ours, high-

lights the strong association between appropriate management of dia-

betes and desirable clinical outcomes. Nevertheless, in our study, the

association between PS and clinical outcomes, which stays significant

in stage 1 GOVEPAZ even after correcting for age, gender, com-

orbidities, disease duration, glucose at admission and glucose lowering

and steroid therapies, does not necessarily imply a causal relationship,

but, for instance, it could simply reflect better ward organization

and/or broader competence/attention to the DM status.

Of note, a higher PS in glucose monitoring was independently

associated with a � 30% reduction in the risk of hypoglycaemia. The

latter, in turn, was an independent predictor of in-hospital survival on

its own, a finding that has been reported in other studies and

highlighted in a recent systematic review.30,31 Furthermore, severe

hypoglycaemia is strongly associated to mortality risk also in the gen-

eral population of patients with diabetes.32

The question arises whether hypoglycaemia per se increases mor-

tality or it is simply an indicator of patient fragility. A randomized con-

trolled trial to address this question would be unethical in humans.

However, in GOVEPAZ, two relevant conditions occurred: (a) The

PS of glucose monitoring, which per se has no plausible biologic rela-

tionship to mortality, was significantly related to hypoglycaemia, with

which a plausible direct relationship can be envisioned; (b) The

covariates (age, CCI, steroid therapy) of the risk of in-hospital mortal-

ity showed no significant relationship with the PS of glucose
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monitoring. Thus, in GOVEPAZ, the conditions to explore a causal

relationship between hypoglycaemia and in-hospital mortality through

instrumental variable analysis were apparently fulfilled. Our finding

that hypoglycaemia was significantly related to the risk of in-hospital

mortality in the setting of an instrumental variable analysis strongly

supports the existence of a cause-effect relationship between the

biology underlying the risk of hypoglycaemia and the in-hospital mor-

tality of patients with diabetes mellitus.

In GOVEPAZ, we used CCI as a measure of comorbidity across

the different wards. Indeed, the Charlson index combined with admin-

istrative data, age, gender, surgical status has been shown to be as

good as other physiology-based scores in predicting in-hospital and

long-term mortality in critically ill ICU patients. Other scores (ie,

APACHE) might be better predictors of mortality in IC units but their

calculation was not possible in all hospitals and settings.33

The strengths of stage 1 GOVEPAZ rely on the prospective and

multicentre nature of the study, which involved a large number of

subjects and three different types of non-specialistic wards. Study lim-

itations should be also acknowledged. Importantly, these data should

be interpreted in the frame of our regional health care system and

might not be directly extrapolated to other systems of health care

delivery. The demonstration of a causal role of hypoglycaemia in the

risk of in-hospital death should be replicated in an independent

cohort. Finally, mid- and/or long-term clinical outcomes were not

investigated.

5 | CONCLUSIONS

Stage 1 GOVEPAZ developed a novel composite, multi-domain per-

formance score of diabetes management in non-specialistic inpatient

wards. This performance score highlighted somewhat low compliance

to clinical guidelines for diabetes mellitus, especially in the surgery

wards. Furthermore, the overall performance score and that of single

domains, especially glucose monitoring, were also independently asso-

ciated to risk of hypoglycaemia and risk of in-hospital death. Further

analysis demonstrated that hypoglycaemia may play a causal role in

the risk of in-hospital death. Thus, good management of people with

DM since the admission may lead to better in-hospital control and

overall prognosis by lowering the risk of hypoglycaemia. These results

strengthened the rationale for stage 2 of GOVEPAZ, an intervention

efficacy study in which an educational intervention is delivered to the

health care professionals, aiming at improving the clinical competence

and, thereby, the clinical outcomes regarding diabetes in three types

of non-specialistic inpatient wards.
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