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ABSTRACT
Objective: To use admission inpatient glycated
hemoglobin (HbA1c) testing to help investigate the
prevalence of unrecognized diabetes, the cumulative
prevalence of unrecognized and known diabetes, and
the prevalence of poor glycemic control in both.
Moreover, we aimed to determine the 6-month
outcomes for these patients. Finally, we aimed to
assess the independent association of diabetes with
these outcomes.
Research, design, and methods: Prospective
observational cohort study conducted in a tertiary
hospital in Melbourne, Australia.
Patients: A cohort of 5082 inpatients ≥54 years
admitted between July 2013 and January 2014
underwent HbA1c measurement. A previous diagnosis
of diabetes was obtained from the hospital medical
record. Patient follow-up was extended to 6 months.
Results: The prevalence of diabetes (known and
unrecognized) was 34%. In particular, we identified
that unrecognized but HbA1c-confirmed diabetes in
271 (5%, 95% CI 4.7% to 6.0%) patients, previously
known diabetes in 1452 (29%, 95% CI 27.3% to
29.8%) patients; no diabetes in 3359 (66%, 95% CI
64.8–67.4%) patients. Overall 17% (95% CI 15.3% to
18.9%) of patients with an HbA1c of >6.5% had an
HbA1c ≥8.5%. After adjusting for age, gender,
Charlson Index score, estimated glomerular filtration
rate, and hemoglobin levels, with admission unit
treated as a random effect, patients with previously
known diabetes had lower 6-month mortality (OR 0.69,
95% CI 0.56 to 0.87, p=0.001). However, there were
no significant differences in proportions of intensive
care unit admission, mechanical ventilation or
readmission within 6 months between the 3 groups.
Conclusions: Approximately one-third of all inpatients
≥54 years of age admitted to hospital have diabetes of
which about 1 in 6 was previously unrecognized.
Moreover, poor glycemic control was common.
Proportions of intensive care unit admission,
mechanical ventilation, or readmission were similar
between the groups. Finally, diabetes was
independently associated with lower 6-month mortality.

INTRODUCTION
Diabetes mellitus poses a progressive
challenge for health services worldwide.

Key messages
▪ Approximately one-third of all inpatients
≥54 years have diabetes with 5% of all inpatients
≥54 are previously unrecognized with diabetes.
▪ Routine inpatient glycated hemoglobin testing to
measure glycemic status utilizes a currently
missed opportunity to identify patients with previously unrecognized diabetes and poor glycemic
control.
▪ We demonstrate a feasible method of conducting
such an initiative, utilizing electronic health infrastructure to identify patients at greatest risk for
prioritization for review.

Recent Australian data suggest that the rate
of diabetes in hospitalized patients rises
markedly above the age of 54 years.1 Current
estimates suggest that up to 11% of diabetes
in hospitalized patients remain unrecognized.1 Thus, routine measurement of glycated hemoglobin (HbA1c) in hospitalized
patients provides an opportunity to identify
patients with unrecognized diabetes.
Given a higher prevalence of diabetes in
the hospital setting, hospitalization represents a currently missed opportunity to identify patients with unrecognized diabetes as
well as those with poor diabetes control.
Identiﬁcation of inpatients with diabetes is
hampered by confounding factors such as
stress hyperglycemia, use of glucocorticoid
medications, and fasting requirements.2 The
International Expert Committee recommends HbA1c as the preferred test for the
diabetes detection with a diagnostic threshold of 6.5% (48 mmol/mol).3 Advantages of
HbA1c testing compared with glucose testing
include lower biological variability, less preanalytic instability, no requirement for fasting,
and less effects from stress hyperglycemia.4
Several observational studies demonstrate
increased mortality and morbidity associated
with hyperglycemia.5 6 Adverse outcomes
associated with hyperglycemia are reported in
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Figure 1 Criteria for automatic
generation of glycated
hemoglobin (HbA1c) request on
Cerner.

coronary care,7 stroke,8 and intensive care unit (ICU)6
settings with proposed mechanisms including susceptibility to sepsis,9 poor wound healing,10 and increased
thrombosis.11 However, other studies report no increase
in risk and yet others report lower mortality.12–14
Routine HbA1c measurement to aid inpatient clinical
care is not current practice. We hypothesized that information technology tools such as Cerner Millennium clinical information system will aid the identiﬁcation of
patients with unrecognized diabetes and those with poor
glycemic control. We also aimed to determine the clinical
characteristics and outcomes of patients with known and
unrecognized diabetes as well as those with poor glycemic
control, deﬁned as HbA1c ≥8.5% (69 mmol/mol), as
part of the Diabetes Discovery Initiative at Austin Health.

METHODS
All patients admitted to Austin Health, a tertiary teaching hospital, during the study period (17 July 2013 to 17
January 2014) were eligible for this prospective observational study. Owing to known high prevalence of
inpatient diabetes, during the 6-month study period, all
inpatients above age 54 years underwent HbA1c testing
on admission coordinated via an automated order
through Cerner Millennium® as part of routine clinical
care. If the criteria, age ≥54 years, acute admission, no

HbA1c recorded within 3 months (ﬁgure 1), were satisﬁed, an automatic request for HbA1c testing was generated. All HbA1c results were reported via Cerner and
were accessible to patients’ treating physicians. As part of
the Diabetes Discovery Initiative, all patients with HbA1c
≥8.5% (69 mmol/mol) were reviewed by endocrinology
registrars to intensify diabetes treatment, screen for complications, and devise plans for further management as
required. A paragraph describing the HbA1c result and
its interpretation was automatically inserted into each
discharge summary to patients’ local doctors. As part of
the Diabetes Discovery Initiative, hospital medical and
nursing staff were educated on the use of HbA1c in the
identiﬁcation and management of diabetes.
EDTA whole blood was collected from each patient for
analysis. HbA1c was measured by turbidimetric inhibition
immunoassay on Cobas Integra 800 (Roche Diagnostics,
Mannheim, Germany). The assay is standardized to The
International Federation of Clinical Chemistry (IFCC)
reference method with a between run coefﬁcient of variation 2.5% for HbA1c 5.6% (30 mmol/mol) and 1.5%
for HbA1c 9.7% (83 mmol/mol).
Prespeciﬁed demographic data, clinical characteristics
(symptoms, medical history, medications, treatments administered), outcome of episode (length of stay, ICU admission, mechanical ventilation, mortality within 6 months,
and readmission at 6 months), and biochemical laboratory

Figure 2 Study profile (HbA1c,
glycated hemoglobin).
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Figure 3 The prevalence of known, unrecognized and no
diabetes in inpatients ≥54 years.

values (HbA1c levels, hemoglobin (Hb), serum creatinine,
estimated glomerular ﬁltration rate (eGFR), and fasting
lipid proﬁle) were extracted from medical records and
hospital databases. Approximately 20% of the records
were reviewed by clinicians to verify accuracy of data extraction algorithms. For statistical accuracy, data from treating
units with small numbers of inpatients were amalgamated.
Patients with multiple admissions were assessed on data
from the ﬁrst admission.
Patients were categorized into three groups according
to medical record and HbA1c (ﬁgure 2). ‘No diabetes’
deﬁned as no diabetes diagnosis in the medical record
and HbA1c <6.5% (48 mmol/mol), ‘Known diabetes’
where a diabetes diagnosis has been documented in the
medical record (International Classiﬁcation of Disease
10-Australian modiﬁcation codes E10-14), and ‘unrecognized diabetes’ where no known diabetes diagnosis has
previously been made according to the medical record
and HbA1c ≥6.5% (48 mmol/mol).
Information regarding comorbidities was obtained
from each patient’s medical record to calculate a

Charlson Index score. This validated method of weighting the impact of chronic disease assigns each chronic
condition a score of 1, 2, 3, or 6, depending on severity
and impact on mortality.15 Charlson Index scores were
determined from ICD 10 AM codes using the previously
validated ICD 10 adaptation of the Charlson Index.16 As
diabetes status was considered a separate variable, the
Charlson score was calculated without inclusion of diabetes. Mortality was determined if patients had died
during the admission or if the hospital had been notiﬁed of the death during the 6-month study period.
Readmission within 6 months was deﬁned as readmission to this hospital during the 6-month study period.
Patient groups were compared with respect to baseline
characteristics, length of stay, ICU admission, mortality
within 6 months, mechanical ventilation, and readmission at 6 months. Given that these indices were not normally distributed, these continuous explanatory variables
were summarized as medians with IQRs and analyzed
with the use of Wilcoxon tests or Kruskal-Wallis tests as
appropriate. Categorical explanatory variables were
reported as percentages and analyzed with χ2 tests or
Fisher’s exact test as appropriate. Because of the hierarchical nature of the data where individual patient outcomes are ‘nested’ within the treating units, association
between diabetes status (yes/no) and outcomes adjusted
for age, gender, Charlson score (excluding diabetes
component),
eGFR
(Chronic
Kidney
Disease
Epidemiology Collaboration equation (CKD-EPI)
eGFR17), and Hb levels were investigated using an
appropriate random-effect regression model with treating unit treated as a random effect. Multivariable analyses were based on negative binomial regression for the
length of stay calculations and on logistic regression for
binary outcomes. All p values were calculated from two-

Table 1 Patient characteristics by diabetes status
Clinical characteristics
Number
Male (%)
Age (years)
HbA1c (%)
HbA1c (mmol/mol)
Charlson Index of comorbidities
(excluding diabetes)
Admission under medical unit
Admission under surgical unit
Hb (g/L)
eGFR (mL/min/1.73 m2)
Total cholesterol (mmol/L)
Triglycerides (mmol/L)
Median (IQR) HDL (mmol/L)

N

Known diabetes

Unrecognized diabetes

No diabetes

p Value*

5082
5082
5082
5082
5082
5082

1452 (29%)
57.7%
74 (65, 81)
7.1 (6.4, 8.1)
54.1 (46, 65)
0 (1, 2)

271 (5%)
55.7%
74 (66, 82)
6.7 (6.6, 7.1)
49.7 (49, 54)
0 (0, 2)

3359 (66%)
54.3%
72 (63, 82)
5.7 (3.5, 6.0)
38.8 (15, 42)
0 (0, 2)

0.095
0.140
<0.001
<0.001
<0.001

5082
5082
5082
5038
1399
1398
1398

66.0%
34.0%
120 (104, 134)
59 (38, 80)
3.7 (3.1, 4.6)
1.4 (1.0, 2.0)
0.9 (0, 1.2)

69.0%
31.0%
121 (107, 136)
63 (47, 85)
4.2 (3.6, 5.2)
1.3 (0.8, 1.9)
0.7 (0, 1.2)

59.1%
40.9%
124 (109, 134)
71 (51, 87)
4.3 (3.5, 5.2)
1.1 (0.8, 1.5)
0.8 (0, 1.3)

<0.001
<0.001
<0.001
<0.001
0.001
<0.001
0.530

Categorical variables are reported as percentages and continuous variables are reported as medians with IQRs in parenthesis.
*p Value for difference between all three groups.
CKD-EPI, chronic kidney disease- epidemiology collaboration equation; eGFR, estimated glomerular filtration rate (CKD-EPI);
Hb, hemoglobin; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein.
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Table 2 Unadjusted patient outcomes by diabetes status
Number
LOS (days, median IQR)
ICU admission (%)
Mechanical ventilation (%)
Readmission at 6 months (%)
Mortality within 6 months (%)

N

Known diabetes

Unrecognized diabetes

No diabetes

p Value

5082
5082
5082
5082
5082
5082

1452 (29%)
4 (2.0, 8.0)
10.6%
5.6%
25.9%
11.8%

271 (5%)
4 (2.0, 7.0)
7.0%
4.4%
23.3%
14.4%

3359 (66%)
4 (2.0, 8.0)
9.1%
4.3%
21.8%
11.4%

0.381
0.104
0.140
0.008
0.324

The continuous explanatory variables (LOS) were analyzed with the use of the Kruskal–Wallis test.
The categorical explanatory variables (ICU admission, mechanical ventilation, readmission at 6 months and mortality at 6 months) were
analyzed with the use of the Fisher’s exact test.
ICU, intensive care unit; LOS, length of stay.

tailed tests of statistical signiﬁcance with a type 1 error
rate of 5%. All analyses were performed with Stata software V.13.0 (StataCorp). We also conducted exploratory
subgroup analysis of these outcomes in patients with diabetes (known and unrecognized) with/without chronic
kidney disease (eGFR <45 and <60 mL/min/1.73 m2)
and in patients with diabetes (known and unrecognized)
with/without anemia (Hb <100 g/L).
RESULTS
We studied 5082 patients (6716 admissions). The prevalence of diabetes (known and unrecognized) was 34%.
In particular, we identiﬁed that unrecognized but
HbA1c-conﬁrmed diabetes in 271 (5.3%, 95% CI 4.7%
to 6.0%) patients, previously known diabetes in 1452
(29%, 95% CI 27.3% to 29.8%) patients; no diabetes in
3359 (66%, 95% CI 64.8% to 67.4%) patients (ﬁgure 3).
The baseline characteristics of patients with previously
known diabetes, previously unrecognized diabetes, and
without diabetes are presented in table 1. Patients with
diabetes were more likely to be admitted to medical
units and had a signiﬁcantly lower eGFR.
Of the patients with diabetes, 17% had HbA1c ≥8.5%
(69 mmol/mol). Median age of patients in this group
was greater than those with diabetes and HbA1c <8.5%
(69 mmol/qmol; 74 vs 70 years, p<0.01). There were no
other signiﬁcant differences between patients with diabetes with HbA1c ≥8.5% (69 mmol/mol) and patients
with diabetes with HbA1c <8.5% (69 mmol/mol) with

respect to the variables studied. Approximately one in
six patients with diabetes demonstrated poor glycemic
control with a HbA1c ≥8.5% (69 mmol/mol).
Patient outcomes
The unadjusted 6-month patient outcomes are presented in table 2. These unadjusted data highlight that
patients with diabetes were more likely to be readmitted
to hospital within 6 months of their index presentation.
Association of diabetes with outcomes
The independent association of diabetes with key outcomes is presented in table 3.
After adjusting for age, gender, Charlson Index score,
eGFR, and Hb levels, with admission unit treated as a
random effect, patients with previously known diabetes
had lower 6-month mortality (OR 0.69, 95% CI 0.56 to
0.87, p=0.001, table 3). There was no difference in mortality between patients with unrecognized diabetes and
those with no diabetes. Furthermore, following adjustments for age, gender, Charlson Index score, eGFR, and
Hb levels, there were no signiﬁcant differences in proportions of ICU admission, mechanical ventilation, or
readmission within 6 months between the three groups.
DISCUSSION
The current study uses information technology systems to
examine the prevalence of diabetes (known and unrecognized) in all inpatients above age 54 years, in real time.

Table 3 Association of diabetes with outcome

Length of stay (days, IRR)
ICU admission (OR)
Mechanical ventilation (OR)
Readmission at 6 months (OR)
Mortality within 6 months (OR)

Known diabetes group compared with
no diabetes*
IRR/OR
p Value
95% CI

Unrecognized diabetes group
compared with no diabetes*
IRR/OR
p Value
95% CI

0.96
0.90
0.97
1.12
0.69

0.96
0.52
0.54
0.95
0.98

0.099
0.411
0.877
0.165
0.001

0.91 to 1.01
0.69 to 1.16
0.64 to 1.47
0.96 to 1.3
0.56 to 0.87

0.439
0.046
0.218
0.758
0.903

0.87 to 1.06
0.27 to 0.99
0.2 to 1.45
0.70 to 1.3
0.65 to 1.46

*Adjusted for age, gender, Hb and CKD-EPI eGFR, Charlson Index score (a validated method of weighting chronic medical conditions (the
score for diabetes was excluded as diabetes is included as a separate variable)), with admission unit as a random effect.
ICU, intensive care unit; IRR, incidence rate ratio, applicable to continuous variables; OR, incidence ratio, applicable to categorical variables,
using patients with no diabetes as a reference.
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In this cohort of 5082 patients, aged 54 years and above,
5% had unrecognized diabetes and 29% had pre-existing
diabetes. Furthermore, almost 6% of all inpatients aged
≥54 years had poor glycemic control with HbA1c ≥8.5%
(69 mmol/mol). After adjusting for age, gender,
Charlson Index score, eGFR, and Hb levels, with admission unit treated as a random effect, patients with previously known diabetes had lower 6-month mortality.
However, there were no signiﬁcant differences in proportions of ICU admission, mechanical ventilation, or
readmission within 6 months between the three groups.
The use of fasting plasma glucose for diabetes diagnosis is limited given the high prevalence of stress hyperglycemia and frequent use of glucocorticoid medications in
inpatients18; oral glucose tolerance test for inpatient diabetes screening is resource intensive and impractical.19
HbA1c testing is superior for the inpatient diagnosis of
diabetes1; however, sensitivity may be lowered by signiﬁcant renal impairment, anemia, blood transfusions, and
hemoglobinopathies, while prolonged stress hyperglycemia may produce false-positive results.20 21 These conditions are unlikely to be in numbers large enough to
affect overall screening.22 HbA1c has the advantage of
aiding both diabetes diagnosis and management.
Following adjustments for age, gender, Charlson Index
score, eGFR, and Hb levels, with admission unit treated
as a random effect, patients with previously known diabetes had lower 6-month mortality. There was no difference in mortality between patients with unrecognized
diabetes and those with no diabetes. There is variation
in the literature regarding diabetes being an independent predictor of mortality in inpatients. Vincent et al12
found no signiﬁcant difference in mortality in the intensive care setting between patients with a history of
insulin-requiring diabetes mellitus. Diabetes was associated with increased mortality in patients with
community-acquired pneumonia in one study23;
however, there was no association between diabetes and
increased mortality in patients with community-acquired
bacteremia,13 severe sepsis,12 trauma, burns, and acute
cardiac failure.24 However, in the aforementioned
studies, the presence of diabetes was determined from
clinical history. In the current study, HbA1c as well as
clinical records was used to identify patients with diabetes. In patients with congestive cardiac failure, those
HbA1c <6.4% (46 mmol/mol) had higher all-cause mortality compared with those with HbA1c ≥8.7%
(72 mmol/mol).25 Other studies have found a U-shaped
association between HbA1c and mortality, with the
lowest HR at HbA1c 7.5% (58 mmol/mol).26 The observational nature of this study means that we are unable to
infer causality regarding the differences observed
between groups. As yet we have no explanation for this
surprising ﬁnding.
Electronic medical records and clinical information
systems are increasingly utilized to identify and manage
patients at risk. Examples include chronic kidney
disease27 and colon cancer28 29 screening; ‘sepsis

sniffers’ are an automated tool for the early identiﬁcation and treatment of inpatients with acute sepsis.30 To
our knowledge, the current study is the ﬁrst reported
example of large-scale programme to identify and treat
patients with unrecognized and poorly controlled diabetes in an acute inpatient setting. In this large study,
we investigated the clinical utility of routine HbA1c
measurements in hospital inpatients. We demonstrate
the use of electronic systems for aiding clinical care
and early biochemical identiﬁcation of a chronic
disease; speciﬁcally using a combination of HbA1c
results and the hospital medical records, we have
demonstrated a method for the identiﬁcation of
patients with previously unrecognized diabetes as well
as those with poorly controlled diabetes. This utilizes a
previously missed opportunity of engaging with patients
who are in hospital for non-diabetes-related conditions.
Previous studies suggest that many patients with unrecognized diabetes do not have general practitioners.1
Interestingly, general practitioner rates were similar in
the group of patients with unrecognized diabetes compared with those with no diabetes. This highlights the
role of determining the glycemic status of inpatients for
identifying patients who may otherwise remain unrecognized (and untreated). The utility of early diagnosis of
diabetes in preventing diabetes-related complications
depends on communicating this information to
patients’ local doctors. One of the beneﬁts of using
electronic medical record to identify these patients is
that electronic discharge summary can be used to communicate relevant information to patients’ local doctors
automatically.
The prevalence of unrecognized diabetes has previously been reported to be 11% in a study of 2360
patients in another state of Australia in 2011.1 The lower
proportion of unrecognized diabetes in our study may
reﬂect increased diabetes awareness or age, ethnic, and
socioeconomic differences between the study populations. Unlike those published previously,8 31 following
adjustments for age, gender, Charlson Index score,
eGFR, and Hb levels, with admission unit treated as a
random effect, we did not observe an increase in length
of stay associated with diabetes. Furthermore, we used
median length of stay as an outcome variable which
more accurately represents the non-parametric nature of
this variable.
Diabetes and comorbidity data were obtained from
medical record coding which may underestimate true
prevalence. However, manual audits of the 20% of the
sample found similar results. As mortality was determined by composite of in hospital mortality as well as
patients’ deaths notiﬁed to the hospital, it is possible
that some deaths were unrecorded. The short follow-up
period means that we were unable to demonstrate any
beneﬁts of identiﬁcation of unrecognized diabetes diagnosis on long-term complications. Given the 6-month
study period, the effect of seasonal variation was not analyzed. This study investigated patients aged ≥54 years, as
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previous data suggested that the prevalence of unrecognized diabetes would be signiﬁcantly greater in older
patients32; however, it would be interesting to see if
these results would be affected by the inclusion of
younger patients. The observational nature of this study
means that we are unable to infer causality regarding
the differences observed between groups.
CONCLUSIONS
Approximately one third of all inpatients ≥54 years have
diabetes with 5% of all inpatients ≥54 are previously
undiagnosed with diabetes. Routine inpatient HbA1c
testing to measure glycaemic status utilises a currently
missed opportunity to identify patients with newly diagnosed diabetes and poor glycaemic control. We demonstrate a feasible method of conducting such an initiative,
utilising electronic health infrastructure to identify patients
at greatest risk for prioritisation for review. The impact of
early identiﬁcation and treatment of poor glycaemic
control on patient outcomes requires further study.
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