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The known: Hyperglycaemia is common among hospital patients
and may indicate undiagnosed diabetes.

The new: Routine blood glucose assessment of patients admitted
to hospital from emergency departments led to 31% of patients
(243 of 784) with newly detected hyperglycaemia (= 14 mmol/L)
being diagnosed with diabetes. Adding automated requests for
HbA, assessment and notification of hyperglycaemic patients

to diabetes services did not increase the proportion of patients
diagnosed with diabetes and followed up.

The implications: Routine blood glucose assessment and
notification of diabetes services are not sufficient for effectively
identifying and caring for emergency department patients with

Qreviously unrecognised diabetes. Y,

As many as one-quarter of hospitalised adult patients are known
to have diabetes.* Hyperglycaemia in patients without previ-
ously diagnosed diabetes is also common; for instance, 12% of
2030 patients in one American hospital had newly identified hy-
perglycaemia.' In an Australian study of 6187 patients admitted
to a tertiary hospital from its emergency department (ED), 141 of
5192 patients without known diabetes (2.7%) had blood glucose
levels in the diabetic range (= 11.1 mmol/ L).? Patients with newly
identified hyperglycaemia may have unrecognised diabetes, or
they may have stress hyperglycaemia, which usually resolves
spontaneously after the acute illness has ended.

Hospital hyperglycaemia is strongly associated with adverse
outcomes, but patient outcomes can be improved by effective
glucose management.” Detecting hyperglycaemia also provides
an opportunity for diagnosing unrecognised diabetes, com-
mencing its management, and averting its complications. In two
studies including glucose screening of ED patients without di-
agnosed diabetes, 21 of 35 patients (68%) with random glucose
levels of at least 6.9 mmol/L° or 13 of 36 (36%) with levels of
70 mmol/L” or more were diagnosed with diabetes following
further testing,.

However, blood glucose is not routinely measured on admission
to hospital in Australia, even in patients admitted with condi-
tions associated with diabetes. In Australian studies of myocar-
dial infarction and stroke, admission blood glucose levels were
measured in only one-half® or one-quarter of patients.9

Electronic ordering of blood tests and the integration of differ-
ent hospital databases, including pathology databases, facilitates

Abstract

Objective: To determine whether routine blood glucose
assessment of patients admitted to hospital from emergency
departments (EDs) results in higher rates of new diagnoses of
diabetes and documentation of follow-up plans.

Design, setting: Cluster randomised trial in 18 New South Wales
public district and tertiary hospitals, 31 May 2011 - 31 December
2012; outcomes follow-up to 31 March 2016.

Participants: Patients aged 18 years or more admitted to hospital
from EDs.

Intervention: Routine blood glucose assessment at control

and intervention hospitals; automatic requests for glycated
haemoglobin (HbA, ) assessment and notification of diabetes
services about patients at intervention hospitals with blood glucose
levels of 14 mmol/L or more.

Main outcome measure: New diagnoses of diabetes and
documented follow-up plans for patients with admission blood
glucose levels of 14 mmol/L or more.

Results: Blood glucose was measured in 133 837 patients admitted
to hospital from an ED. The numbers of new diabetes diagnoses
with documented follow-up plans for patients with blood glucose
levels of 14 mmol/L or more were similar in intervention (83/506
patients, 16%) and control hospitals (73/278, 26%; adjusted odds
ratio [aOR], 0.83; 95% Cl 0.42-1.7; P = 0.61), as were new diabetes
diagnoses with or without plans (intervention, 157/506, 31%;
control, 86/278, 31%; aOR, 1.51; 95% Cl, 0.83-2.80; P = 0.18). 30-day
re-admission (31% v 22%; aOR, 1.34; 95% Cl, 0.86-2.09; P = 0.21)
and post-hospital mortality rates (24% v 22%; aOR, 1.07; 95% Cl,
0.74-1.55; P=0.72) were also similar for patients in intervention and
control hospitals.

Conclusion: Glucose and HbA,_screening of patients admitted

to hospital from EDs does not alone increase detection of
previously unidentified diabetes. Adequate resourcing and
effective management pathways for patients with newly detected
hyperglycaemia and diabetes are needed.

Trial registration: Australian New Zealand Clinical Trials Registry,
VACTRN12611001007921.

automatic requests for blood glucose assessment of patients at
the time of their admission to hospital. The effectiveness of such
systems has not been systematically evaluated. In this pragmatic
clinical trial, we aimed to determine whether routine blood glu-
cose testing of patients admitted from EDs, together with au-
tomatic ordering of glycated haemoglobin (HbA, ) assessment
and notification to the diabetes service of patients found to have
hyperglycaemia, leads to more frequent recording of diabetes
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diagnoses and documentation of follow-up plans. Further, we
examined whether such testing is associated with improved
hospital outcomes for patients.

Methods

Trial design and participants

The trial was overseen by a steering committee of the Endocrine
Network of the New South Wales Agency for Clinical
Innovation (https://www.aci.health.nsw.gov.au). NSW pub-
lic district and tertiary referral hospitals were invited via the
Agency to participate in our cluster randomised trial during the
period 31 May 2011 — 31 December 2012; the duration of partici-
pation differed between hospitals because of local logistic and
ethics-related factors. Follow-up data were collected until 2016.
The trial was retrospectively registered with the Australian
New Zealand Clinical Trials Registry on 20 September 2011
(ACTRN12611001007921).

Eighteen invited hospitals agreed to participate and were inde-
pendently randomised by random number-generating software
to the intervention or control arms of the study, stratified by
location (16 metropolitan, two regional hospitals) and type (12
tertiary, six district hospitals).

Intervention hospitals

In intervention hospitals, blood glucose was routinely measured
by the pathology department, even if not specifically ordered, as
part of initial blood assessment of all patients aged 18 years or
more admitted to hospital from the ED, provided sufficient blood
was available for analysis. When the patient’s blood glucose level
was 14 mmol/L or more, HbA, . assessment was automatically
requested if sufficient blood in an ethylenediaminetetraacetic
acid (EDTA)-coated tube was available. In most cases, HbA,_ re-
sults were available within two days; that is, while the patient
was still in hospital. Measuring blood glucose and notifying
diabetes centres about elevated results became routine care; in-
dividual consent for these measures was therefore not sought.

Lists of patients with blood glucose levels of 14 mmol/L or more
were forwarded daily to the hospital diabetes service. The study
project manager visited all intervention hospital diabetes ser-
vices to discuss strategies for managing the increased workload,
but no additional resources were provided.

Control hospitals

In control hospitals, blood glucose was routinely measured in
all patients admitted from the ED, but HbA,_ was not routinely
assessed, nor were patients with newly detected hyperglycaemia
notified to diabetes services.

At both intervention and control hospitals, the results of the
additional blood tests were freely available in computerised pa-
thology systems to teams managing the patients.

Study outcomes

The primary outcome was a new diagnosis of diabetes or sus-
pected diagnosis for a person whose admission blood glucose
level was at least 14 mmol/L, together with a documented fol-
low-up plan. The criteria for this outcome were:

e the diagnosis of diabetes or likely diagnosis recorded in the
patient notes;

* a confirmatory test result — HbA,_level of at least 48 mmol/
mol (6.5%), a second fasting blood glucose measurement of at
least 7.0 mmol/L, or a random blood glucose measurement of
at least 11.1 mmol/L — or prescribing of medication for diabe-
tes on discharge;

« aplan for diabetes follow-up by a member of the diabetes team
(specialist, diabetes educator) or a statement that this was to be
undertaken by a general practitioner.

Secondary outcomes included new diagnosis of diabetes (regard-
less of whether a plan for follow-up was documented), length of
hospital stay, re-admission (to any NSW hospital) within 30 days,
and death as an inpatient or after the index admission, censored
at 31 March 2016.

Data collection and linkage

Serum glucose and HbA,_ levels of adult patients measured
in participating EDs during the study were available to the
investigators. Research assistants, blinded to the intent of the
trial, hospital group allocation and study design, reviewed
the medical records of patients with admission blood glucose
levels of 14 mmol/L or more to collect data on the primary
outcome. For patients with more than one hospital admission
during the study period, we included only the first admission
for which the admission blood glucose level was 14 mmol/L
or more.

Data (to 31 March 2016) for secondary outcomes (re-admission
within 30 days to any hospital, death) and coding data (major
diagnostic category, Charlson index score) were collected by
linking patient data in the Pathology Dataset with the NSW
Admitted Patients Data Collection, the NSW Registry of Births,
Deaths and Marriages, and the NSW Cause of Death Unit
Record (held by the NSW Ministry of Health Secure Analytics
for Population Health Research and Intelligence [SAPHaRI]).
Probabilistic data linkage was performed by the NSW Centre for
Health Record Linkage (CHeReL) based on name, date of birth,
address, hospital medical record number, and date of hospital
admission. For linkage purposes, we accepted differences be-
tween dates of blood glucose measurements and admission of
up to two days. The final linked dataset was de-identified before
being made available to the investigators.

Statistical analysis

Data were analysed in SAS 94 (SAS Institute). Baseline char-
acteristics (continuous variables) are presented as means and
standard deviations (SDs); differences between intervention and
control groups were assessed by linear regression. Differences
in categorical variables were assessed by logistic regression.
Regression models were fitted in a generalised estimating equa-
tions (GEE) framework with an exchangeable correlation matrix
to adjust for clustering of individuals within hospitals, age, and
sex. Empirical standard errors were used to calculate P values
and confidence intervals (CIs).

Ethics approval

The trial was approved by the Western Sydney Human Research
Ethics Committee (reference, HREC2010/2/4.4[3100]), with
site-specific ethics approval from each participating hospi-
tal. Data linkage was approved by the NSW Population and
Health Services Research Ethics Committee (reference, HREC/
CIPHS/4).
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1 Flow chart for patients in eighteen hospitals whose blood glucose level was measured at the time of their admission to hospital
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Results

Eighteen hospitals participated in the trial, nine each in the in-
tervention and control arms. The median period of participa-
tion was 12 months (range, 1-16 months). We could link 133 837
of 153 063 ED admissions in the NSW Admitted Patients Data
Collection (87.4%) with a corresponding blood glucose meas-
urement: 86 667 in intervention hospitals and 47 170 in control
hospitals (Box 1). The characteristics of the patients in the two
groups were similar, except for the distribution of major diag-
nostic categories (Supporting Information, table 1).

The index admission blood glucose levels of 784 patients not pre-
viously known to have diabetes were 14 mmol/L or more; their
mean age was 62.7 years (SD, 19.4 years), and 429 (55%) were men.
The mean blood glucose level in these patients was 19.7 mmol/L
(SD, 9.6 mmol/L); of the 295 patients for whom HbA, was mea-
sured (38%), the mean level was 72 mmol/mol (SD, 26 mmol/
mol). The baseline characteristics of patients with hyperglycae-
mia in the control and intervention hospitals were similar (Box 2).

The crude proportion of patients with newly diagnosed diabetes
and follow-up plans was lower in the intervention (83 of 506 pa-
tients; 16%) than in the control hospitals (73 of 278 patients; 26%),
but the difference was not statistically significant after adjusting
for clustering, age, and sex (adjusted odds ratio [aOR], 0.83; 95%
CI, 042-1.7; P = 0.61). Similarly, rates of diagnosis (regardless of
documented follow-up plan) were similar in control (86 of 278
patients, 31%) and intervention hospitals (157 of 506 patients,
31%; aOR, 1.51, 95% CI, 0.83-2.80; P = 0.18). Mortality (during
index admission or up to 5 years after discharge) and 30-day
hospital re-admission rates were also similar for the two groups,
as was mean length of index hospital admission stay (Box 3).

In the intervention hospitals, HbA,_ was not assessed in 236
patients (47%); the baseline characteristics (age, sex, Charlson
index score, blood glucose levels) were similar for patients who
were or were not assessed (Supporting Information, table 2). A
per protocol analysis, in which the 270 patients in intervention
hospitals with HbA, measurements were compared with all

control hospital patients, yielded similar results to the main
analysis with regard to diabetes diagnosis and follow-up plan
— intervention, 49 of 270 patients (18%); aOR, 0.83 (95% CI,
0.23-3.01); P = 0.78 — as well as for the secondary outcomes
(data not shown).

Discussion

Routine blood glucose testing of patients admitted to hospital
from EDs resulted in 243 of 784 patients (31%) with newly de-
tected hyperglycaemia (= 14 mmol/L) being diagnosed with
diabetes. Adding automatic requests for HbA,_ assessment and
notifying diabetes services at intervention hospitals did not lead
to a higher proportion of patients receiving new diabetes diag-
noses or plans for diabetes follow-up, nor did it significantly af-
fect patient outcomes.

Hospitalisation provides an opportunity for diagnosing previ-
ously unrecognised diabetes in patients. The incidence of new
diabetes diagnoses in our study was comparable with that of
older studies in which 20-42% of hospital patients with newly
documented hyperglycaemia were further investigated or re-
ceived an intervention.”> A more recent Australian hospital
audit found that hyperglycaemia was acknowledged for only
half the patients not known to have diabetes but who had at
least one blood glucose measurement of 11.1 mmol/L or more."”
Our results suggest that routine blood glucose testing of patients
admitted from EDs, an inexpensive intervention, can identify
some patients with unrecognised diabetes. However, they also
indicate that routinely requesting HbA,  assessment of ED pa-
tients, without well developed and adequately resourced plans
for their management and referral, does not lead to increased
diagnosis of diabetes or to better hospital outcomes for admitted
patients.

Cohort studies of HbA,_assessment-based screening of ED pa-
tients for diabetes have been undertaken since we commenced
our trial. In a South Australian study, HbA, was automatically
assessed in ED patients with random blood glucose levels of




2 Characteristics of patients without previously identified diabetes with admission blood glucose levels of 14 mmol/L or more

Total Intervention hospitals Control hospitals P
Admissions of patients without known diabetes with blood 810 526 284
glucose =14 mmol/L
Index admissions 784 506 278
Age (years), mean (SD) 62.7 (19.4) 63.4(19.3) 61.5(19.7) 0.79
Sex 0.22
Men 429 (54.7%) 268 (52.9%) 161 (57.9%)
Women 355 (45.2%) 238 (47.0%) 117 (42.0%)
Major diagnostic category 0.80
Nervous system 62 (7.9%) 45 (8.9%) 17 (6.1%)
Respiratory system 118 (15.1%) 74 (15%) 44 (16%)
Circulatory system 188 (24.0%) 122 (241%) 66 (24%)
Digestive system, hepato-biliary, pancreas 56 (7.1%) 36 (7.1%) 20 (7.2%)
Musculoskeletal system, connective tissue 39 (4.9%) 28 (5.5%) 11 (4.0%)
Kidney and urinary tract 35 (4.5%) 23 (4.5%) 12 (4.3%)
Injuries, poison, toxic effect of drugs 44 (5.6%) 25 (4.9%) 19 (6.8%)
Other 242 (30.9%) 153 (30.2%) 89 (32%)
Charlson Index 013
0 471 (60.1%) 310 (61.2%) 161(57.9%)
1 147 (18.8%) 82 (16%) 65 (23%)
2 or more 166 (21.2%) 114 (22.5%) 52 (19%)
Blood glucose (mmol/L), mean (SD) 19.7 (9.6) 19.9 (9.7) 19.5(9.4) 0.64
HbA, measured 295 (37.6%) 270 (53.3%) 25 (9.0%) 0.009
HbA, . (mmol/mol), mean (SD) 72 (26) 69 (24) 96 (29) 0.22

HbA,_ = glycated haemoglobin; SD = standard deviation.

5.5 mmol/L or more;"* 11% of tested patients not previously
known to have diabetes met the HbA,_ criterion for diabetes.
Another Australian study, in which HbA,_ was also assessed
in patients with at least 5.5 mmol/L blood glucose, found
that 38% of ED patients either had known diabetes or met the
HbA, _ criterion for diabetes; diabetes had not previously been
recogmsed in one-third of these cases.”” Neither study exam-
ined documentation of diabetes or initiation of treatment. In a
third Australian study, HbA,_ screening indicated that 5% of
hospital inpatients aged 55 years or more had unrecognised
diabetes.'

Our study was undertaken before the HbA, crlterlon for diag-
nosing diabetes was adopted in Australia (2012) Routine glu-
cose and HbA,_assessment, or a higher rate of protocol HbA,
measurement (in our study, HbA, was assessed in only half
the patients in the intervention arm, possibly because blood in
an EDTA tube was often not available), might achieve more fre-
quent recognition of undetected diabetes.

Applying a blood glucose threshold of 14 mmol/L for HbA,_ as-
sessment was a pragmatic decision that acknowledged clinicians’
concerns that diabetes units would be overburdened should a
lower but more meaningful threshold, such as 11.1 mmol/L, be
applied. Notifying hospital diabetes services of patients with
hyperglycaemia, even with our higher glucose threshold, did
not increase the rates of new diabetes diagnoses, treatment
initiation, or follow-up, suggesting that diabetes services were

already working at full capacity with regard to inpatient care.
The primary function of diabetes services has traditionally been
outpatient chronic disease management support. Being made
aware of potential patients who may require inpatient diabetes
management could not lead to improved outcomes for patients
without more staff being available to review their cases, and
lowering the blood glucose threshold for testing would not have
improved this situation.

A further reason that documented diabetes follow-up was not
more frequent in intervention hospitals may have been that
care for patients with type 2 diabetes was transferred from
specialists to general practitioners. The shift over the past 15
years to a GP management model of diabetes care,' together
with limited hospital resources, has led many hospital diabetes
services to focus on patients with complex needs, discharging
patients with milder disease to general practice. Poor com-
munication between teams caring for patients with diabetes
and the completion of discharge summaries to GPs by medical
staff not involved in their care may have also contributed to
documentation of follow-up plans not being more frequent in
intervention hospitals.

The hospital mortality rate of 17% for patients admitted with
blood glucose levels of 14 mmol/L or more indicates that hy-
perglycaemia requires more attention in hospitals. Improved
glucose control has been found to achieve better clinical out-
comes in trials in some hospital settings.” The lack of specialist



3 Outcomes for patients without previously identified diabetes whose admission blood glucose levels were 14 mmol/L or more
Control Intervention 0Odds ratio Adjusted odds
Total hospitals hospitals (95% CI) P ratio* (95% Cl) P
Number of patients 784 278 506
New diagnosis of diabetes or suspected 156 (20%) 73 (26%) 83 (16%) 0.55 0.001 0.83 0.61
diabetes, with documented follow-up plan (0.39-0.79) (0.42-1.66)
New diagnosis of diabetes or suspected 243 (31%) 86 (31%) 157 (31%) 1.00 0.98 1.51 0.18
diabetes’ (0.73-1.38) (0.83-2.80)
Died during index hospital admission 137 (18%) 51(18%) 86 (17%) 0.91 0.63 0.89 0.55
(0.62-1.34) (0.60-1.32)
Died since index hospital admission* 184 (23%) 61(22%) 123 (24%) 114 0.46 1.07 0.72
(0.81-1.62) (0.74-1.55)
Re-admitted within 30 days 218 (28%) 62 (22%) 156 (31%) 1.55 0.01 134 0.21
(111-218) (0.86-2.09)
Length of hospital stay during index 6.1(8.5) 6.4(91) 6.0 (8.2) — — = 0.51
admission (days), mean (SD)
Cl = confidence interval; SD = standard deviation. * Adjusted for clustering within hospitals, age, and sex. T With or without documented follow-up plan. ¥ Censored at 31 March 2016 (max-
imum 5 years’ follow-up). § Adjusted difference in means, -0.48 days; 95% Cl, -1.89 to 0.93 days. @

inpatient diabetes teams in intervention hospitals may have
been one reason that hospital outcomes for patients with hy-
perglycaemia were not better than in control hospitals. Only
one of the participating hospitals, randomised to the control
arm, had an inpatient diabetes team. It was recommended in
2012 that such teams be established in Australia."” Care by in-
patient diabetes teams have been found to improve glycaemic
control and outcomes for patients, including reduced lengths
of stay and re-admission rates.”””! In the British National
Health Service, 72% of hospitals have diabetes inpatient spe-
cialist nurses.”

Strengths and limitations

As our study involved most tertiary hospitals in NSW, and a
large number of patients were screened, our findings can prob-
ably be generalised to other Australian hospitals. However, we
did not have data on baseline diabetes detection rates, so we are
unable to determine whether routine blood glucose testing in-
creased the number of diabetes diagnoses at both control and
intervention hospitals. We were unable to ascertain the diabetes
status of 18% of patients with hyperglycaemia, chiefly because
we could not obtain their paper medical records. Additionally,
the dramatic shifts in odds ratios after statistical adjustment sug-
gest that the effects of some confounding variables were not re-
moved by randomisation.

Conclusion

Since 2001, the United Kingdom has recognised that greater in-
vestment in inpatient diabetes services and training is needed to
improve outcomes by publishing a National Service Framework

for Diabetes that incorporates service planning objectives for in-
patients with diabetes.” This framework has been supplemented
by programs for improving and promoting the importance of
inpatient diabetes diagnosis and care, such as the ThinkGlucose
resources,24 an annual national diabetes audi’c,22 and a guide for
executive leaders.” Similarly, NSW Health established the NSW
Diabetes Taskforce in 2016, developing training resources, tools
for supporting local auditing of inpatient diabetes care, and
standardised processes for identifying people with diabetes in
hospital, including blood glucose screening.

Our study indicates that blood glucose and HbA,_ screening
alone does not improve diabetes case detection or care for pa-
tients admitted to hospital from EDs. It remains to be deter-
mined whether greater emphasis on training elements in the
glucose screening program can improve outcomes without addi-
tional staff resources or specialist inpatient diabetes teams being
provided.
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