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OBJECTIVE

To investigate if early electronic identification and bedside management of
inpatients with diabetes improves glycemic control in noncritical care.

RESEARCH DESIGN AND METHODS

We investigated a proactive or early intervention model of care (whereby an
inpatient diabetes team electronically identified individuals with diabetes and
aimed to provide bedside management within 24 h of admission) compared with
usual care (a referral-based consultation service). We conducted a cluster ran-
domized trial on eight wards, consisting of a 10-week baseline period (all clusters
received usual care) followed by a 12-week active period (clusters randomized to
early intervention or usual care). Outcomes were adverse glycemic days (AGDs)
(patient-days with glucose <4 or >15 mmol/L [<72 or >270 mg/dL]) and adverse
patient outcomes.

RESULTS

We included 1,002 consecutive adult inpatients with diabetes or new hypergly-
cemia. More patients received specialist diabetes management (92% vs. 15%, P <

0.001) andnew insulin treatment (57%vs. 34%,P=0.001)withearly intervention.At
the cluster level, incidence of AGDs decreased by 24% from 243 to 186 per 1,000
patient-days in the intervention arm (P < 0.001), with no change in the control arm.
At the individual level, adjustednumberof AGDsperpersondecreased fromamean
1.4 (SD 1.6) to 1.0 (0.9) days (228% change [95% CI245 to211], P = 0.001) in the
intervention arm but did not change in the control arm (1.8 [2.0] to 1.5 [1.8],29%
change [225 to 6], P = 0.23). Early intervention reduced overt hyperglycemia (55%
decrease in patient-days with mean glucose >15 mmol/L, P < 0.001) and hospital-
acquired infections (odds ratio 0.20 [95% CI 0.07–0.58], P = 0.003).

CONCLUSIONS

Early identification and management of inpatients with diabetes decreased
hyperglycemia and hospital-acquired infections.
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Hyperglycemia and hypoglycemia are
common events in the hospital and
are associated with adverse patient out-
comes (1,2). Acute hyperglycemia is
independently associated with hospital-
acquired infections, longer lengthof stay,
and greater mortality (1,3). Multiple cel-
lular and physiological mechanisms are
implicated, particularly neutrophil and
endothelial dysfunction, osmotic diure-
sis, and proinflammatory changes (4).
Treating hyperglycemia may improve
clinical outcomes in the critical care
(5), stroke care (6), and noncritical care
settings (7). However, aggressive treat-
ment of hyperglycemia can lead to
hypoglycemia (7–9), which causes un-
desirable symptoms and adverse out-
comes. Thus, a key target of inpatient
diabetes care should be to avoid the
glycemic extremes of both hyperglyce-
mia and hypoglycemia, also described as
adverse glycemia (10). Despite published
guidelines on ideal blood glucose (BG)
targets (11–13), glycemic control re-
mains challenging because of multiple
obstacles, and systems-based solutions
are needed (14).
Becausemost inpatientswith diabetes

are managed by hospitalists or parent
(admitting) teams, diabetes specialists
are seldom involved in their care.
Many hospitals have implemented spe-
cialized inpatient diabetes teams (IDTs)
(or glycemic management teams) to de-
velop protocols, deliver education pro-
grams, and perform clinical audits in
addition to directly assisting in diabetes
management. These teams usually con-
sist of specialized diabetes nurses and
diabetologists who provide management
advice in response (or reactive) to re-
ferrals from the parent team (15–18).
However, referrals to IDTs may be in-
consistent because of clinical inertia (19).
A more proactive model of diabetes

care can be delivered by a diabetes team
thatautonomously providesearly assess-
ment and management without referral
fromtheadmitting team (20). Availability
of networked BG meters (that electron-
ically capture capillary BG measure-
ments) has enabled remote electronic
surveillance of glycemic control. Proac-
tive models of care using networked BG
meters have demonstrated improved
glycemic control in observational studies
(21–23), but randomized studies are
lacking (14). Therefore, we investigated
the effect of early intervention, using a

proactive model of inpatient diabetes
care, on glycemic and clinical outcomes
inaprospective cluster randomizedstudy.

RESEARCH DESIGN AND METHODS

Study Design and Participants
The Randomized Study of a Proactive
Inpatient Diabetes Service (RAPIDS) is an
open-label, cluster randomized con-
trolled study with a baseline period
that was conducted over 6 months at
the Royal Melbourne Hospital (tertiary
referral hospital affiliated with the Uni-
versity of Melbourne). The intervention
was implemented at the cluster level.
Outcomes were assessed at both the
cluster and the individual level.

There were eight wards (clusters) in-
volved in the study that comprised four
medical wards (cardiology, neurology,
and two general medicine) and four
surgical wards (orthopedic surgery, neu-
rosurgery, abdominal surgery, and emer-
gency surgery). The two general medical
wards contained patients with similar
characteristics and can be considered
as sister (symmetrical) wards; however,
the remaining six wards had unique
parent teams and patient characteristics.

We included consecutive adult inpa-
tients admitted over the study period
with preexisting diabetes or new hyper-
glycemia (random capillary BG .11.1
mmol/L [.200 mg/dL] without a history
of diabetes) and with a.1 day length of
stay. Individuals admitted with glycemic
emergencies or those admitted under
endocrinology or palliative care teams
were excluded. For individuals who were
admitted more than once during the
study period, only the first admission
was included. The study was approved
by the Melbourne Health Human Re-
search Ethics Committee with a waiver
of individual consent and was registered
prospectively with the Australian New
Zealand Clinical Trials Registry.

Procedures, Randomization, and
Masking
Before commencement of the study, we
implemented networked BG meters
(StatStrip; Australasian Medical & Scien-
tific Limited) on the study wards. These
devices have recently become available
in Australia and facilitated accurate col-
lection of capillary BG data and remote
identificationof inpatientswithdiabetes.

At commencement of the study,
and before randomization, there was a

10-week baseline period where all eight
clusters received usual care. The clusters
were then randomized 1:1 into control
and intervention arms, stratified by type
of ward (medical or surgical) using a
random number generator by a blinded
statistician. A 12-week active period then
followed where the four clusters ran-
domized to the intervention arm received
the proactive, early management model
of care, and the four clusters randomized
to the control arm continued with usual
care (Supplementary Fig. 1). Treating staff
and patients were not masked to the
allocation of clusters to intervention or
control arms.

Usual Inpatient Diabetes Management
(Usual Care)
Diabetes management is performed pri-
marily by the hospital medical officers of
the parent team. A specialist IDT consist-
ing of a diabetes nurse and endocrinology
fellow supervised by a diabetologist
provided a consultation service in re-
sponse (or reactive) to referrals from
the parent unit. Our institutionhad guide-
lines and protocols on inpatient diabetes
management but did not have insulin
order sets or an electronicmedical record
for delivering inpatient care; therefore,
written BG observation charts and med-
icationorders at thebedsidewereused. In
accordancewith localpractice inAustralia,
the U.K., and Europe, there is no stan-
dardized algorithm of discontinuing oral
antidiabetic medications and routine pre-
scription of a subcutaneous basal-bolus
insulin regimen in all individuals with
diabetes admitted to the hospital.

Early Intervention (Proactive Model of
Care)
The specialist IDT identified all consec-
utive inpatients with diabetes or hyper-
glycemia and aimed to provide diabetes
management within 24 h of admission
without referral from the parent team.
The IDT performed electronic surveil-
lance of capillary BG measurements cap-
tured by networked BG meters, which
enabled early identification of inpatients
with diabetes and ongoing electronic
surveillance of glucose control. In
addition, a structured clinical escalation
pathway (Melbourne Glucose Alert Path-
way) (10) was implemented on the in-
tervention wards to encourage clinical
escalation of patients with dysglycemia
to the IDT.
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Before the intervention, the IDT
participated in four training modules
delivered by a senior diabetologist.
Aimedat upskilling the team, the training
modules included insulin initiationguide-
lines and case-based discussions focused
on optimizing glycemic control. During
consultations, the IDT prescribed sub-
cutaneous insulin and glucose lowering
medications in an individualizedmanner,
aiming to achieve safe glycemic control
while avoiding glycemic extremes. The
IDT consultations occurred daily, with
insulin dose titration depending on clin-
ical need. The IDT optimized long-term
diabetes control by intensifying or de-
escalating diabetes treatment at the time
of discharge, depending on admission
HbA1c (24). The IDT regularly interacted
with the parent teams’ medical and
nursing staff, providing an opportunity
for ward-based education on inpatient
diabetes management. A weekly audit
meetingwas led by a senior diabetologist
to discuss patient care and monitor out-
comes. The proactive IDT operated during
weekdays, with an on-call endocrinologist
available for advice after hours and on
weekends. During the active period, the
same IDT provided proactive care in the
intervention wards and consultation ser-
vice in response to referrals (usual care) in
the control wards.

Data Collection
A researcher independent of the IDT per-
formed surveillance of capillary BG meas-
urements to identify eligible patients.
Patient information and clinical outcomes
were collected from inpatient progress
notes, the pathology results system, and
thepatientadministrationdatabase.Point-
of-care BG measurements were collected
by networked BG meters. BioViewer (Bio-
AsiaDiagnostics)datamanagerwasusedto
obtain BG measurements from day 1 of
admission until discharge. BG measure-
ments from day 0 were excluded because
glycemic control on the day of admission is
influenced by treatment before admission
or in the emergency department rather
than by ward management. BG measure-
ments were excluded after day 14 of ad-
mission to avoid skewing of BG data by the
few individuals with a prolonged hospital
stay. In addition, we applied the gluco-
metric technique to exclude repeated
measurements from a single episode of
hypo- or hyperglycemia as described by
Weinberg et al. (25).

Outcomes Measures

The primary outcome was adverse gly-
cemic day (AGD) defined as a patient-day
with any BG ,4 or .15 mmol/L (,72
or .270 mg/dL). These pragmatic BG
cutoff points were used to define AGD
because the aim of this trial was for safe
glycemic control rather than tight glyce-
mic control. Although a target random
BG ,10 mmol/L (,180 mg/dL) is rec-
ommended in noncritical care, this target
is not based on strong experimental
evidence, and the target may vary de-
pending on the individual’s comorbid-
ities (13). However, a BG .15 mmol/L
(.270 mg/dL) may be associated with
adverse pathophysiology (4) and should
be avoided in most inpatients. Similarly,
any degree of hypoglycemia (even
BG ,4 mmol/L [,72 mg/dL]) in inpa-
tients with complex comorbidities and
concurrent illness is undesirable and
should be avoided. Therefore, the AGD
outcome reflects glycemic extremes that
should be avoided for safe diabetes
management in the hospital (26). At
the cluster level, the incidence of AGD
is reported per 1,000 observed patient-
days, and at the individual level, the
number of AGDs per patient is reported.
Because BG measurements were ex-
cluded after day 14 of admission, each
individual contributed to a maximum of
14 observed patient-days.

The prespecified secondary outcomes
were process-of-care measures, gluco-
metric measures, adverse patient out-
comes, and length of stay. Adverse
outcomes were analyzed individually
and as a composite of five items, in-
cluding hospital-acquired infections,
acute kidney injury, acute myocardial
infarction, unplanned critical care ad-
mission, and in-hospital mortality. These
outcomes were included because they
were commonly associated with poor
glycemic control (27). Hospital-acquired
infection was defined as clinical or mi-
crobiological evidence of skin wound or
surgical site infection, urinary tract in-
fection, bacteremia, or pneumonia that
developed at least 48 h after admis-
sion. Acute kidney injury was defined
as a rise in serum creatinine by .50%
from admission or the need for acute
renal replacement therapy. Myocardial
infarction was defined as new ischemic
changes on electrocardiogram and a rise
in troponin that developed at least 48 h
after admission. The adverse patient

outcomes were adjudicated by an in-
dependent assessor who was blinded
to treatment group allocation.

Statistical Analysis

The primary outcome of AGD was ana-
lyzed at the cluster level (proportion of
the total number of AGDs divided by the
total number of observed days and re-
ported as a rate per 1,000 patient-days)
and at the individual level (the number of
AGDs per patient). The number of AGDs
per patient was adjusted for patient
covariates (age, sex, modified Charlson
comorbidity index, creatinine, HbA1c, di-
abetes type, insulin treatment before
admission) and hospital treatment cova-
riates (number of days observed, admis-
sion unit, type of admission, type of
ward) as fixed effects and wards (clus-
ters) as a random effect using a mixed-
effects Poisson regression model (Sup-
plementary Table 1). The adjusted
number of AGDs per patient was then
calculated using the predict function
from the regression. We expected differ-
ences in patient characteristics between
control and intervention arms as a result
of enrolling clusters with unique clinical
services. However, we expected well-
matchedpatient characteristics between
the baseline and active periods within
each treatment arm. Therefore, we
planned to analyze the outcomes be-
tween treatment arms and as a change
from baseline within each treatment
arm. To enable this analysis, we created
four distinct groups depending on treat-
ment arm (control vs. intervention) and
timeperiod (baseline vs. active). The four
groups (control-baseline period, control-
active period, intervention-baseline pe-
riod, and intervention-activeperiod)were
used as a factor in the mixed-effects
regression model to allow simultaneous
comparison between treatment arms and
as a change between baseline and active
periods within each treatment arm.

Hospital-acquired infections were an-
alyzed using a mixed-effects logistic re-
gression model adjusting for covariates
(post hoc analysis). All analyses were
performed using the intention-to-treat
approach; therefore, if an individual
crossed over treatment arms because
of ward transfers, he or shewas analyzed
in the initial treatment arm that was in
placewhenfirst admitted. If an individual
was transferred from the study wards to a
nonstudyward in the hospital, subsequent
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BG measurements from the time of trans-
fer were excluded, but clinical outcomes
and hospital length of stay for the entire
hospitalization were analyzed.
This study was designed as a 24-week

trial (the feasible duration of the study),
recruiting consecutive inpatients. The
power calculation was performed pro-
spectively and estimated the minimum
difference in AGDs that can be detected
given the expected number of recruited
patients. A previous pilot study showed
that the incidence of AGDs was 300 per
1,000 patient-days at our institution (10).
On the eight wards, we expected to
recruit 600 individuals during the base-
line period and 600 individuals during
the active period, with a median of 3.5
observed days per patient. This entailed
300 patients and 1,050 patient-days per
treatment arm during the active period.
For four clusters in each arm, using a 0.01
intraclass correlation and a two-sided a
of 0.05, this study had .80% power to
detect a 33% change in AGDs. Analyses
were performed using Stata 15 statistical
software (StataCorp, CollegeStation, TX).

RESULTS

There were 1,019 unique patient admis-
sions to the eight study wards between
March and August 2016. After exclusion,
the final sample comprised 1,002 indi-
viduals equally distributed across the
study arms (Fig. 1). Overall, 87% of
the cohort had type 2 diabetes, with a
mean HbA1c of 58 (SD 18) mmol/mol
(7.5% [1.7%]), and30%were treatedwith
insulin before admission. Patients were
observed for a median of 4 (interquartile
range2, 8) days andhad3.5 (1.7) capillary
BG measurements per patient-day.
Thereweredifferences inpatient char-

acteristics between control and interven-
tion arms. Compared with the control
arm, the intervention arm had a higher
proportion of patients with surgical and
emergency admissions. The intervention
arm had a lower proportion of patients
with insulin treatment before admission
and a lower mean HbA1c (Table 1). How-
ever, patient characteristics were well
matched between the baseline and ac-
tive periods within each treatment arm.
There were more emergency admissions
during the active period than during the
baseline period in the intervention arm.
Early identification and management

improved process-of-care outcomes (Fig.

2). In the intervention arm, 1) the pro-
portion of patients managed by the IDT
increased from 8% during the baseline
period to 92% during the active period
(P, 0.001), 2) the proportion of patients
managed within 24 h of admission in-
creased from 4% to 64% (P, 0.001), and
3) insulin treatment in insulin-naive pa-
tients increased from 34% to 57% (P ,
0.001). No changes were observed in the
control arm.

Over the study period, 5,447 patient-
days were observed. At the cluster level,
there was a 24% decrease in the inci-
dence of AGDs (243 vs. 186 per 1,000
patient-days, P, 0.001) in the interven-
tion arm, with a nonsignificant 9% de-
crease observed in the control arm
(291 vs. 261 per 1,000 patient-days,
P =0.09). Thedecrease in incidence in the
intervention arm (57 per 1,000 patient-
days) was significantly higher than that
in the control arm (30 per 1,000 patient-
days, P = 0.004).

At the individual level, the adjusted
number of AGDs per patient decreased
from mean 1.4 (SD 1.6) to 1.0 (0.9) days
(228% change [95% CI 245 to 211],

P = 0.001) in the intervention arm, with a
nonsignificant change in the control arm
(1.8 [2.0] to 1.5 [1.8] days, 29% change
[225 to 6],P = 0.23) (Table 2). Comparing
parallel treatment groups during the
active period, the number of AGDs
per patient was 23% lower (95% CI 6–
40, P = 0.008) in the intervention arm
than in the control arm (Supplementary
Table 1). Comparison between the two
symmetrical general medical clusters
demonstrated that the cluster random-
ized to the intervention arm had a sig-
nificant reduction in AGDs per patient
(2.2 [2.3] to 1.4 [1.3] days, P = 0.010],
whereas the cluster randomized to the
control arm had no significant change
(2.0 [2.5] to 2.1 [2.6] days, P = 0.96)
(Supplementary Table 2).

On glucometric analyses, 19,060 cap-
illary BG measurements were observed
during the study period. The patient-day
mean glucose decreased from 9.4 (SD
3.3) to 9.0 (2.7) mmol/L (169 [59] to
162 [49] mg/dL, P = 0.003) in the in-
tervention arm but remained stable in
the control arm (9.6 [3.2] to 9.5 [3.2]
mmol/L [173 (58) to 171 (58) mg/dL],

Figure 1—Patient recruitment. DKA, diabetic ketoacidosis; max, maximum; min, minimum.
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P=0.235). Theproportionofpatient-days
with a mean BG .10 and .15 mmol/L
(.180 and .270 mg/dL) decreased by
14% and 55%, respectively, in the in-
tervention arm, with no change in the
control arm (Table 2 and Fig. 2). The
proportion of good diabetes days
(patient-days with no BG ,4 mmol/L
[,72 mg/dL] and no more than one
BG .11 mmol/L [198 mg/dL]), a U.K.
metric (28), increased in the intervention

arm (70% to 74%, P = 0.020) but did not
change in the control arm (65% to 66%,
P = 20.61). There was no change in the
incidence of hypoglycemia in either
treatment arm.

The proportion of individuals with
hospital-acquired infections decreased
from 6.4% to 2.4% (P = 0.035) in the
intervention arm but did not change
significantly in the control arm (8.6%
to 7.0%, P = 0.61). Post hoc analyses using

mixed-effects logistic regression adjusting
for covariates (Supplementary Table 3)
demonstrated that early diabetes man-
agement conferred a lower risk of de-
veloping hospital-acquired infection
(adjusted odds ratio 0.20 [95% CI
0.07–0.58], P = 0.003). The number
needed to treat to prevent one hospital-
acquired infection was 25. There
was a strong correlation between num-
ber of AGDs and hospital-acquired

Table 1—Patient characteristics

Control arm (four clusters) Intervention arm (four clusters)

P value
(four groups)§

Baseline period
(n = 221)

Active period
(n = 270) P value‡

Baseline period
(n = 220)

Active period
(n = 291) P value‡

Age (years) 70 6 14 70 6 14 0.726 70 6 15 71 6 16 0.292 0.124

Male sex 135 (61) 166 (61) 0.929 112 (51) 156 (54) 0.545 0.039

Modified Charlson score* 2 (1, 3.5) 2 (0, 3) 0.476 1 (0, 3) 1 (0, 3) 0.525 0.066

Admission creatinine (mmol/L) 111 6 57 107 6 59 0.430 102 6 59 104 6 68 0.742 0.477

Type of diabetes 0.799 0.190 0.071
Type 2 193 (87) 241 (89) 190 (86) 251 (86)
Type 1 18 (8) 19 (7) 16 (7) 12 (4)
New hyperglycemia 10 (5) 10 (4) 14 (6) 28 (10)

HbA1c
mmol/mol 60 6 18 62 6 19 0.158 57 6 19 57 6 18 0.590 0.049
% 7.6 6 1.7 7.8 6 1.8 7.4 6 1.8 7.4 6 1.7

Diabetes treatment before admission 0.960 0.843 0.007
No treatment 43 (19) 55 (20) 56 (25) 79 (27)
Oral agents and GLP-1 99 (45) 121 (45) 113 (51) 142 (49)
Insulin (with or without oral

agents and GLP-1) 79 (36) 94 (35) 51 (23) 70 (24)

Hospital stay (days) 5 (3, 5) 4 (2, 4) 0.064 4 (2, 7) 4 (2, 8) 0.964 0.335

BG measurements/day 3.6 6 1.9 3.5 6 1.7 0.543 3.4 6 1.5 3.5 6 1.6 0.469 0.990

Capillary glucose at admission
mmol/L 10.3 6 4.4 10.3 6 4.3 0.986 9.3 6 4.0 9.2 6 3.8 0.620 0.001
mg/dL 182 6 79 182 6 77 167 6 72 165 6 68

Glucocorticoid treatment during
admission† 41 (19) 38 (14) 0.179 28 (13) 30 (10) 0.395 0.062

Type of admission 0.731 0.006 0.003
Elective 31 (14) 35 (13) 26 (12) 15 (5)
Emergency 190 (86) 235 (87) 194 (88) 276 (95)

Admission parent unit 0.294 0.159 <0.001
Medicine 168 (76) 194 (72) 106 (48) 122 (42)
Surgery 53 (24) 76 (28) 114 (52) 169 (58)

Medical admissions by parent unit
General medicine 54 (24) 55 (20) 56 (25) 89 (31)
Cardiology 70 (32) 95 (35) 0 2 (1)
Neurology 0 3 (1) 49 (23) 71 (24)
Respiratory 21 (10) 22 (8) 0 1
Gastroenterology 15 (6) 9 (3) 5 (2) 5 (2)
Other medical 8 (4) 11 (5) 4 (2) 2 (1)

Surgical admission by parent unit
Abdominal andemergency general surgery 16 (7) 21 (8) 47 (21) 68 (23)
Neurosurgery 0 0 43 (19) 41 (14)
Orthopedics and trauma 37 (17) 50 (19) 10 (5) 8 (3)
Other surgery 0 4 (1) 6 (3) 4 (1)

Data aremean6 SD,median (interquartile range), or n (%). Boldface indicates significance atP,0.05. *Modified Charlson comorbidity index excluded
items related to diabetes. †Glucocorticoid treatment was defined as treatment with a supraphysiological dose of glucocorticoid medication (dose
equivalent.7.5 mg of prednisolone) for$24 h during admission. ‡P value of difference between baseline and active periods within each treatment
arm. §P value of difference among four groups.
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infection (each day increase in AGDs
conferred an odds ratio of 1.35 [1.20–
1.51] for hospital-acquired infection).
The reduction in infection rate remained
consistent on subgroup analysis of only
individuals with type 2 diabetes (Supple-
mentary Tables 4–7). There was a higher

baseline incidence of infections (hence
greater reduction in infections) in med-
ical compared with surgical patients
(Supplementary Table 8). There were
no differences in the remaining individ-
ual or composite clinical outcomes in
either arm (Table 2).

CONCLUSIONS
To our knowledge, RAPIDS is the first
randomized trial to investigate the effect
of comprehensive early intervention for
all consecutive patients with diabetes,
consisting of early electronic identi-
fication and bedside specialist IDT

Figure 2—Process of care and glucometric outcomes. A: Proportion of patients who received management by the IDT during admission. B:
Proportionofpatientswhohaddiabetes teammanagementwithin 24hof admission.C: Proportion of insulin-naivepatientswhohad treatmentwith
subcutaneous insulin during admission. Filled bars represent usual care, and open bars represent the proactive/early interventionmodel of care.D:
Distribution of patient-daymean glucose. Patient-daymean glucose fits a log-normal distribution. Therewas no difference in the distribution in the
groups that received usual care (dotted lines and solid red line). The group that received early intervention (solid blue line) had a lower mean and
variance in the distribution and therefore a lower proportion of days with severe hyperglycemia. *P , 0.001.
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management. RAPIDS achieved its pri-
mary outcome of reducing AGDs with no
concomitant increase in hypoglycemia.
This study used the primary outcome

of AGD (with a more liberal glycemic
target) as an index of safe glycemic
control in the hospital to achieve the
balance of decreasing overt hyperglyce-
mia while minimizing hypoglycemia. This
is similar to the concept of a good di-
abetes day used in the annual National
Inpatient Diabetes Audit in the U.K. (28).
Although there are no published data
that investigated AGD and clinical out-
comes,weproposeAGD is a clinical index
of bothhyperglycemia andhypoglycemia
events as well as a tangible concept for
educating health professionals about
safe glycemic control in the hospital.
Early identification and management

for diabetes decreased the number of
AGDs per patient by 28% in the inter-
vention arm. There was a slight (but
nonsignificant) 9% decrease in the
control arm that was possibly related
to contamination or a Hawthorne effect,

but even after adjusting for this change,
the intervention arm had a 23% lower
number of AGDs per person compared
with the control arm. In addition to AGD
outcomes, traditional glucometric anal-
yses also demonstrated improved glyce-
mic control.With early identification and
management, patient-day glucose was
lower in both the mean (decreased by
0.4mmol/L [7.2mg/dL]) and the variance
(SD decreased by 0.6 mmol/L [10.8
mg/dL]). There was a 55% decrease in
patient-days with mean glucose .15
mmol/L. These findings are comparable
to an observational study by Seheult et al.
(22) wherein a proactive diabetes team
achieved a 0.13 mmol/L (2.3 mg/dL) de-
crease in patient-day mean glucose and a
20% reduction in patient-days with mean
glucose.15mmol/L. Similarly, Rushakoff
et al. (21) provided a virtual glucose mon-
itoring service with proactive electronic con-
sultation notes on patients with unstable
diabetes, decreasing patient-day mean
glucose by 0.24 mmol/L (4.3 mg/dL) and
achieving a 40% reduction in patient-days

with hyperglycemia (two or more BG
measures.12.5mmol/L [.225mg/dL]).

In RAPIDS, early identification and
management did not decrease hypogly-
cemia, in contrast to Rushakoff et al. (21).
The baseline incidence of hypoglycemia
in our cohort (4.7% of patient-days)
was lower than the mean incidence in
635 U.S. hospitals (6.1% of patient-
days) (29). A more extensive multifac-
eted intervention, including dedicated
insulin prescription order sets, protocols,
and education campaigns (16), may be
required to further decrease hypoglyce-
mia from the current relatively low rates
at our institution. Nevertheless, it is
encouraging that early intervention
and increased tailored insulin treatment
did not increase hypoglycemia and thus
didnotposeany safety risk for inpatients.

With early identification and manage-
ment of diabetes, a 4% absolute risk
reduction in hospital-acquired infection
was observed. It is well known that poor
glycemic control in the community (30)
and in the hospital (31,32) is associated

Table 2—Primary and secondary outcomes

Control arm (four clusters) Intervention arm (four clusters)

Baseline period
(usual care)

Active period
(usual care)

P
value

Baseline period
(usual care)

Active period
(early/proactive
intervention) P value

Primary outcome: AGDs
Cluster level: incidence of AGDs (per 1,000

patient-days) 291 261 0.090 243 186 <0.001
Individual level: adjusted number of AGDs

per patient, mean 6 SD* 1.8 6 2.0 1.5 6 1.8 0.23† 1.4 6 1.6 1.0 6 0.9 0.001†
Median (IQR) 1.2 (0.7, 1.9) 1.0 (0.6, 1.7) 0.9 (0.5, 1.7) 0.7 (0.4, 1.3)

Secondary: glucometric outcomes
Patient-days, n 1,271 1,394 1,200 1,582
Patient-day mean BG, mean 6 SD 9.6 6 3.2 9.5 6 3.2 0.23 9.4 6 3.3 9.0 6 2.7 0.003
Mean BG.10mmol/L (.180mg/dL), % 37 37 0.88 35 30 0.010
Mean BG.15mmol/L (.270mg/dL), % 6.9 6.1 0.39 7.3 3.3 <0.001
BG ,4 mmol/L (,72 mg/dL), % 5.6 5.0 0.52 3.8 4.0 0.69
BG ,3 mmol/L (,54 mg/dL), % 1.6 1.4 0.75 1.0 0.7 0.40

Secondary: clinical outcomes
Patients, n 221 270 220 291
Any hospital-acquired infection, n (%) 19 (8.6) 19 (7.0) 0.52 14 (6.4) 7 (2.4) 0.035
Skin wound and surgical site 5 (2.3) 8 (3.0) 2 (0.9) 2 (0.7)
Urinary tract 5 (2.3) 4 (1.5) 4 (1.8) 3 (1.0)
Bacteremia 1 (0.5) 0 1 (0.5) 0
Pneumonia 9 (4.1) 10 (3.7) 9 (4.1) 4 (1.4)

Acute kidney injury 15 (6.8) 22 (8.1) 0.56 11 (5.0) 11 (3.8) 0.50
Acute myocardial infarction 4 (1.8) 5 (1.9) 0.97 2 (0.9) 1 (0.3) 0.40
Unplanned critical care admission 12 (5.4) 12 (4.4) 0.61 2 (0.9) 3 (1.0) 0.89
In-hospital mortality 5 (2.3) 8 (3.0) 0.63 6 (2.7) 6 (2.1) 0.63
Composite outcome‡ 39 (17.6) 51 (18.9) 0.72 28 (12.7) 26 (8.9) 0.17
Length of stay (days) 6 (3, 11) 6 (3, 11) 0.60 6 (3, 10) 6 (3, 10) 0.19

Boldface indicates significance at P, 0.05. IQR, interquartile range. *Adjusted for age, sex, modified Charlson comorbidity index, creatinine, HbA1c,
insulin treatment before admission, admission unit, admission type,ward type, days observed (fixed effects), andward (randomeffect). †Mixed-model
Poisson regression. ‡Hospital-acquired infection, acute kidney injury, acute myocardial infarction, unplanned critical care admission, and in-hospital
mortality.
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with an increased risk for infection. There
is strongevidence that intensiveglycemic
control decreases infections in cardiac
and general surgery (33,34), critical care
(35), and noncritical care (7,36). In a
noncritical care study, basal-bolus insulin
therapy improved a composite outcome
but especially decreased wound infec-
tions and hospital-acquired pneumonia
(7). A meta-analysis of noncritical care
studies also demonstrated intensive gly-
cemic control is associated with a 60%
decreased risk of hospital-acquired in-
fections (37). We found AGDs were
stronglycorrelatedwithhospital-acquired
infection and the decrease in hospital-
acquired infections paralleled a decrease
in AGDs, despite amodest change inmean
glucose. This suggests that eliminating
glycemic extremes may be most effective
at improving clinical outcomes. In addition,
RAPIDS provides further evidence to sup-
port the notion that improving inpatient
glycemic control decreases hospital-acquired
infection; however, as one of several
prespecified secondary outcomes, this
finding requires further confirmatory
randomized studies.
Of various models of inpatient diabe-

tes care (16,20–22,38–40), the strengths
of our intervention included remote sur-
veillance and identification of hypergly-
cemia and bedside consultations by a
specialist IDT that directly prescribed
insulin. The IDT used individualized treat-
ment (rather than protocolized intensive
insulin treatment) with the practical aim
of decreasing both extremes of glycemia
rather than aiming for “tight” glycemic
control. This approach successfully de-
creased hyperglycemia without increasing
hypoglycemia. By providing bedsideman-
agement, it was also possible to recognize
and address any other relevant aspects of
patient care in addition to diabetes man-
agement, which may have contributed to
improved clinical outcomes.
RAPIDSused aparallel cluster random-

ized design with a baseline period, which
was necessitated by several factors. It
wasonlypractical todeliver theproactive
interventionat theward level rather than
at the individual patient level. Contam-
ination was possible as a result of move-
ment of patients and staff across wards,
although the active period occurred dur-
ing one resident staff rotation. In addi-
tion, increased presence of the IDT could
result in increased awareness and up-
skilling of inpatient diabetes care. The

study design, which included baseline
and active periods, allowed for compar-
ison of the intervention against its own
baseline, whereas a parallel control arm
accounted for any other potential varia-
tions within the overall study period.

Limitations of this study include the
relatively few clusters and some differ-
ences in patient characteristics between
clusters as a result of our hospital struc-
ture with nonsymmetrical specialist
medical and surgical wards. We used a
mixed-effects model, which accounted
for clustering and adjusted for baseline
patient characteristics, but it is possible
that there are residual confounders that
are unaccounted for. The Hawthorne
effect may also have contributed to
improved glycemic outcomes. This study
was relatively short; therefore, the sus-
tainability of the improvements is yet to
be determined. A longer duration study
was not feasible with the available re-
sources and would be susceptible to
further contamination.

There are also limitations on the gen-
eralizability of our findings. Our hospital
did not have a comprehensive elec-
tronic medical record, including electronic
medication prescription and order sets,
to assist with delivering inpatient care.
The baseline proportion of inpatients
managed by an IDT was modest. There-
fore, the early intervention model may
have less of an impact in a facility with
state-of-the-art hospital systems already
in place. Furthermore, the IDT identified
and provided consultation on all con-
secutive individuals with diabetes or
new hyperglycemia (as a proof of con-
cept of this model of care), but this was
resource intensive. However, we have
since developed a risk stratification tool
to identify individuals at high risk for
adverse glycemia to enable a more sus-
tainable model of care and plan to eval-
uate the cost-effectiveness of targeted
proactive intervention models.

In conclusion, RAPIDS demonstrated
early electronic identification of inpa-
tients with diabetes, and treatment
by a specialist IDT decreased hypergly-
cemia without increasing hypoglycemia.
In addition, early management of dia-
betes was associated with decreased
hospital-acquired infection, but this im-
portant observation requires further
confirmatory studies. This study pro-
vides evidence that early intervention
models of diabetes care in the hospital

improve glycemia and patient outcomes.
With the increasing prevalence of dia-
betes and complexity of hospital care,
hospital clinicians should concentrate
on early identification and manage-
ment to improve the care of people with
diabetes.
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