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INTRODUCTION

stay (LOS) of psychiatry inpatients with diabetes compared to
those with pre-diabetes or without diabetes.

Diabetes and mental illness are major causes of disability and
mortality and consume a significant aspect of the Australian
health budget (1, 2). The age-standardized prevalence of type 2
diabetes in Australia has doubled over the last decade according
to the Australian Institute of Health and Welfare Data, with 4.2%
of population having diabetes between 2011 and 2012 compared
to 1.5% in 1989–90 (3). We recently showed that approximately
one-third of general inpatients aged >54 years admitted to our
hospital had type 2 diabetes (4). A recent Melbourne Public
Hospitals Diabetes Inpatient Audit revealed the prevalence of
diabetes ranged from 16 to 35% in different hospitals across the
greater metropolitan region (5).
Likewise, the prevalence and effects of mental illness are manyfold. Many Australians experience mental illness at some point in
their lives (6). In a large Australian survey of approximately 1,800
community-dwelling people with psychotic illness, approximately
20% had diabetes (6). This is a concern, given the relative youth of
people affected by both diabetes and psychosis (~88% were aged
less than 55 years) and that the age-matched prevalence of type 2
diabetes in the community at 55 years was only 8% (3). The survey
examined patients with psychotic disorders in the community,
and there are limited data in the inpatient setting. Furthermore,
the survey did not delineate additional clinical characteristics in
the cohort of patients with diabetes (6). There are no Australian
data on the prevalence of diabetes and pre-diabetes in psychiatry
inpatients.
Psychiatry inpatients are likely to be more vulnerable to diabetes, largely because of the acuity of the mental illness as well as
the likelihood they will be exposed to higher doses or multiple
medications that increase diabetes risk (6).
Diabetes and mental illness share a bidirectional interface
where both influence each other (7, 8). This is important to appreciate when trying to understand the underlying pathophysiology
and characteristics of patients who might be at increased risk.
Many studies have shown a link between antipsychotic medication and impaired glycemia. A systematic review and metaanalysis undertaken in 2008 examined 11 studies to date (9). It
demonstrated that the relative risk of diabetes in patients with
schizophrenia prescribed second-generation versus first-generation antipsychotics was 1.32 (95% CI 1.15–1.51) (9). However,
this observation is likely to be biased due to the methodological
limitations in many of the studies included (9).
Measuring hemoglobin A1c (HbA1c) as a means of identifying patients with diabetes is now recommended by the American
Diabetes Association (ADA), as it is considered to be a more
stable parameter, less affected by factors, such as fasting status,
glucocorticoid use, or stress hyperglycemia (10, 11). In a small
study of people with mental illness treated with antipsychotic
medications in the community, HbA1c measurements detected a
greater number of cases with pre- diabetes or diabetes, compared
with the use of the fasting blood glucose criteria (12). Little has
been documented about the use of HbA1c in the inpatient population with severe mental illness.
Using routine HbA1c testing, the aim of this study was, therefore, to determine the prevalence, characteristics, and length of
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MATERIALS AND METHODS
All patients admitted to the inpatient psychiatry unit at Austin
Health, a major tertiary hospital, affiliated with the University
of Melbourne, during the study period (February 2014 to April
2015) above the age of 30 were included in this prospective observational study. During the 14-month study period, all inpatients
underwent HbA1c testing on admission via Cerner Millennium
Information System Program, as part of routine clinical care as
part of the Diabetes Discovery Initiative (4). Cerner Millennium
Information System Program is the electronic health system used
at Austin Health. We wrote a “discern rule” to identify all inpatient
admissions with the following eligibility criteria: age ≥ 30 years,
acute psychiatric unit admission, and no HbA1c recorded within
3 months. If these criteria were satisfied, an automatic request for
HbA1c was generated for routine blood collection. All HbA1c
results were reported via Cerner and were accessible to the
patients’ treating clinicians. As part of the Diabetes Discovery
Initiative, all inpatients with HbA1c ≥ 8.5% (69 mmol/mol) were
automatically reviewed by the endocrinology team to intensify
diabetes treatment, screen for complications, and optimize
management (4). A paragraph describing the HbA1c result and
its interpretation was automatically inserted into each discharge
summary to patients’ local doctors (4).
Baseline characteristics, including demographic data such as
age, sex, residence, marital status, employment, drug, and alcohol history were collected. Information regarding comorbidities
was obtained from each patient’s medical record to calculate the
Charlson Index score without diabetes. 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 (4). Specific comorbidities, including diabetes, hypertension, obesity (using weight and body mass index),
and dyslipidemia, were recorded. If the patient had diabetes,
information was collected on diabetes duration and treatment.
Data on the diagnosis of psychiatric illnesses were collected
using the following classification: schizophrenia, schizoaffective
disorder, bipolar affective disorder, depression, other psychosis,
substance abuse, eating disorders, and other diagnoses. Duration
of illness and treatment data were documented. Patients with
two or more psychiatric diagnoses were noted. Psychotropic
medications were categorized as anti-depressants, mood stabilizers, typical or atypical anti-psychotics, and both. Antipsychotic
medication type was recorded.
Biochemical laboratory values (HbA1c, haemoglobin, creatinine, estimated glomerular filtration rate, and fasting lipid
profile) were extracted from medical records within three months
of the admission date. The length of inpatient stay was recorded.
For patients who had multiple admissions, only the data from
the initial admission was included in this study. This study was
carried out in accordance with the recommendations of Austin
Health Research Ethics Committee (LNR/15/Austin/41), who
waived the need for informed consent for a planned practice
change agreed to by the hospital senior medical staff members
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as part of the Austin Health Diabetes Discovery Initiative. The
protocol was approved by the Austin Health Research Ethics
Committee.
Patients were categorized into three glycemic categories
according to the ADA guidelines using HbA1c definitions as follows: “No diabetes” defined as HbA1c less than or equal to 5.6%
(38 mmol/mol), “Pre-diabetes” defined as HbA1c greater than or
equal to 5.7% and less than or equal to 6.4% (39–46 mmol/mol),
and “Diabetes” defined as HbA1c greater than or equal to 6.5%
(48 mmol/mol) (13).

Table 1 | Patient characteristics by diabetes status.
Clinical characteristics

Diabetes

Prediabetes

No
diabetes

Number (%)

335

Gender, male (%)

335

46
(13.7%)
32 (70%)

63
(18.8%)
40 (64%)

Unemployed (%)

335

41 (89%)

53 (84%)

Median (IQR) age (years)

335 49 (39–62)

46
(36–55)
335
7.3
5.8
(6.2–8.7)
(5.7–5.9)
335 56 (44–72)
40
(39–41)
335 12 (6–18) 10 (4–19)

226
(67.5%)
123
(54%)
164
(73%)
40
(34–48)
5.4
(5.2–5.5)
36
(33–37)
9 (3–18)

335 29 (14–81) 21 (9–26)

17 (9–31)

0.003

Median (IQR) (HbA1c) (%)

Statistical Methods

Glycemic categories were compared for baseline characteristics,
psychiatric diagnosis, duration of psychiatric illness, psychotropic
medication type, and LOS. Continuous explanatory variables
were summarized as medians with interquartile ranges (IQRs)
and compared with the use of Wilcoxon tests or Kruskal–Wallis
tests as appropriate and categorical explanatory variables were
reported as percentages and compared with χ2 tests or Fisher’s
exact test, as appropriate. Multivariable analyses were based on
negative binomial regression modeling for the LOS calculations
(LOS expressed as a count of days) and on logistic regression
modeling for binary outcomes. When investigating the association between the presence of diabetes and other clinical factors,
the statistically significant variables from the univariate analysis
were included in a multivariable analysis. Standard diagnostics
of model fit and collinearity (based on mean variance inflating
factors and condition numbers) were conducted. All p values
were calculated from two-tailed tests of statistical significance
and p < 0.05 was regarded as statistically significance. All analyses
were performed with Stata software V.13.0 (StataCorp, College
Station, TX, USA).

Median (IQR) HbA1c (mmol/
mol)
Median (IQR) duration of
psychiatric illness (years)
Median length of stay (IQR)
(days)
Charlson Index of
co-morbidities (IQR) (score)
Hypertension (%)
Hyperlipidemia (%)
Obesity (%)

pvalue*

0.106
0.017
<0.001
<0.001
<0.001
0.215

335

1 (1–2)

0 (0–1)

0 (0–0)

<0.001

335
335
301

10 (22%)
13 (28%)
20 (44%)

9 (14%)
6 (10%)
15 (23%)

14 (6%)
14 (6%)
38 (17%)

0.002
<0.001
0.001

Continuous explanatory variables were summarized as medians with interquartile
ranges (IQRs) and compared with the use of Kruskal–Wallis tests and categorical
explanatory variables were reported as percentages and compared with χ2 tests. All p
values for three group comparisons were calculated from two-tailed tests of statistical
significance and *p < 0.05 was regarded as statistically significant.

(diabetes) versus 84% (pre-diabetes) and 73% (no diabetes)
(p = 0.02) (Table 1). Patients with diabetes had a trend toward
higher rates of substance abuse (37% for patients with diabetes versus 18% for patients with pre-diabetes and 23% for
patients with no diabetes, p = 0.05). With regards to medical
co-morbidities, patients with diabetes were almost twice as
likely to have hypertension (22 versus 14 and 6%, p = 0.002),
hyperlipidemia (28 versus 10 and 6%, p ≤ 0.001), obesity
(44 versus 23 and 17%, p = 0.001) compared to those with prediabetes and no diabetes, respectively (Table 1). However, in a
number of inpatients, there was no record of weight (n = 125,
37%), and in 34% (n = 115), there was no record of lipid
profile (Table 1).
The most common psychiatric diagnoses were schizophrenia,
depression, and substance abuse across the three groups. A high
percentage of patients in all the three groups had two or more
psychiatric diagnosis or a diagnosis that was not classified in
those broad categories (Table 2).
No statistically significant differences in duration of psychiatric illness between the groups were identified between the three
groups [diabetes group, median (IQR): 12 years (6–18), prediabetes group: 10 years (4–19) versus no diabetes group: 9 years
(3–18) (p = 0.215)] (Table 1).
Atypical antipsychotic medication use was similar across each
of the three groups (42% in diabetes, 55% in pre-diabetes, and
55% in no diabetes, p = 0.3) (Figure 2). No significant differences in the use of the different atypical antipsychotics between
the diabetes, pre-diabetes, and no diabetes groups (0% in the
diabetes group, 1% in the pre-diabetes group, and 5% in no

RESULTS
A total of 335 psychiatry inpatients formed the study cohort.
Fourteen percent of these patients (95% CI: 10–18%, n = 46)
had diabetes, 19% (95% CI: 15–23%, n = 63) had pre-diabetes,
and 67% (95% CI: 62–72%, n = 226) had no diabetes. Only two
patients had new diagnosis of diabetes, and there were none with
type 1 diabetes. The median HbA1c was 7.3% (IQR 6.2, 8.7) or
56 mmol/mol (IQR 44, 72) in the diabetes group, 5.8% (IQR
5.7–5.9) or 40 mmol/mol (IQR 39–41) in the pre-diabetes group,
and 5.4% (IQR 5.2–5.5) or 36 mmol/mol (IQR 33–37) in the no
diabetes group (Table 1).

Demographics

Compared to patients with pre-diabetes and no diabetes, patients
with diabetes were predominantly older (median, IQR): age 49
(39–62) versus those with pre-diabetes (age 46, IQR 36–55) and
no diabetes (age 40, IQR 34–48) (p = < 0.001) (Table 1).
The proportion of psychiatry inpatients with diabetes by age
group was disproportionately higher and skewed in the opposite
direction toward younger age, compared to community diabetes
prevalence (Figure 1) (14).
Patients with diabetes compared to those with pre-diabetes
and no diabetes were more likely to be unemployed 89%
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Figure 1 | Percentage of adults with diagnosed diabetes by age group in the inpatient psychiatry population versus general age-matched
population with diabetes. General age-matched population data are adapted from Australian Bureau of Statistics (14) and reproduced without permission.

of anti-depressants across the three groups (70% in the diabetes
group, 63% in the pre-diabetes group, and 52% in the no diabetes
group, p = 0.1) (Figure 2).

Table 2 | The results of the multivariable logistic regression model
investigating the association between independent variables with
presence of diabetes compared to patients with pre-diabetes and no
diabetes.

Univariate Analysis of Baseline
Characteristics and Glycemic Status

Diabetes versus pre-diabetes and no diabetes
Clinical characteristics
Age
Schizoaffective disorder
Substance abuse
Aripiprazole use
Hypertension
Hyperlipidemia
Obesity
Employed

Odds ratio

95% Confidence interval

p-Value

1.04
0.18
2.13
4.4
1.26
2.88
1.96
0.57

1.01–1.07
0.02–1.36
1.03–4.43
1.51–12.83
0.46–3.45
1.14–7.26
0.90–4.26
0.20–1.59

0.02
0.1
0.04
0.01
0.65
0.03
0.09
0.28

In order to highlight risk factors associated with the presence of
diabetes, for the remaining analyses, we pooled patients with prediabetes or no diabetes (n = 289, 86%) and compared to patients
with diabetes (n = 46, 14%). Univariate analysis demonstrated
that patients with diabetes were more likely to have a past history
of substance abuse (37 versus 21%, p = 0.02), have a history of
hypertension (22 versus 14 and 6%, p = 0.007), hyperlipidemia
(28 versus 10 and 7%, p < 0.001), and obesity (44 versus 23 and
17%, p = 0.012), and have raised gamma-glutamyltransferase
(43% versus 28%, p = 0.0009) compared to those with pre- diabetes or no diabetes. Patients with diabetes were more likely to be
older [diabetes: median age 47, IQR (37–58) versus pre-diabetes
and no diabetes (median age 40), IQR (34–48)] and less likely to
be employed (diabetes: 11% versus pre-diabetes and without diabetes: 25%, p = 0.02). Patients with diabetes were also more likely
to be on the atypical antipsychotic aripiprazole (15 versus 5%,
p = 0.02) compared to those with pre-diabetes and no diabetes.
Compared to patients with diabetes, patients with pre-diabetes
and no diabetes were more likely to have schizoaffective disorder

All p values were calculated from two-tailed tests of statistical significance and p < 0.05
was regarded as statistically significant.

diabetes group, p = 0.2) were detected. No significant differences
in the use of both typical and atypical antipsychotics between
the diabetes, pre-diabetes, and no diabetes groups (15% in the
diabetes group, 10% in the pre-diabetes group, and 11% in the no
diabetes group, p = 0.4) were detected. No significant differences
in the use of mood stabilizers across the three groups (18% in the
diabetes group, 21% in the pre-diabetes group, and 24% in the
no diabetes group, p = 0.2). No significant differences in the use
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Figure 2 | Prevalence of baseline psychiatric medications among diabetes, pre-diabetes, and no diabetes groups.

(12 versus 2%, p = 0.027) and other psychosis (10 versus 0%,
p = 0.01).
Multivariable logistic regression model investigating the associations with presence of diabetes included age, diagnosis of
schizoaffective disorder, past history of substance abuse, presence
of hypertension, dyslipidaemia, obesity, use of aripiprazole, and
employment status as independent variables. On this adjusted
analysis (Mean VIF = 1.12, Condition Number = 11.4), greater
age (OR per year 1.04, 95% CI: 1.01–1.07, p = 0.02), past history of substance abuse (OR 2.13, 95% CI: 1.03–4.43, p = 0.04),
presence of dyslipidaemia (OR 2.88, 95% CI: 1.14–7.26, p = 0.03)
and use of aripiprazole (OR 4.4, 95% CI: 1.51–12.83, p = 0.01),
were all statistically significantly associated with the presence of
diabetes (Table 2).

schizoaffective disorder, bipolar affective disorder, depression,
other psychosis, substance abuse, and eating disorders.
To further investigate robustness of these findings, we undertook a similar analysis to determine the associations between
diabetes status and LOS in patients who had admission for less
than 90 days. Under this cutoff 30 patients were excluded (9%
of the total number of patients). The results of this analysis were
qualitatively similar. In those who had a LOS below 90 days,
the multivariable negative binomial regression analysis model
estimated that a psychiatric patient with diabetes trended toward
a 30% longer LOS (Incidence Rate Ratio 1.3, 95% CI: 0.98–1.7;
p = 0.07) than a patient with pre-diabetes or no diabetes with the
similar status on all the different psychiatric diagnosis including
schizophrenia, schizoaffective disorder, bipolar affective disorder, depression, other psychosis, substance abuse, and eating
disorders.

Length of Stay

DISCUSSION

Multivariable Analysis

The length of inpatient stay was longer in inpatients with diabetes
when compared to pre-diabetes and no diabetes [median (IQR):
29 days (14–81) in diabetes group versus 18 days (9–29) in the
pre-diabetes and no diabetes group (p = 0.0006)]. In inpatients
whose LOS was less than 400 days (this LOS chosen to exclude
outliers), a multivariable negative binomial regression analysis
was undertaken. There were 11 outliers (3% of total patients)
with LOS above 417 days. Based on this analysis, a psychiatric
patient with diabetes was expected to stay in hospital 70% longer
(Incidence rate ratio, 1.7 95% CI: 1.2–2.3, p = 0.001) than a
patient with pre-diabetes or no diabetes with the similar status
on all the different psychiatric diagnosis including schizophrenia,
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First, this study demonstrated high prevalence of pre-diabetes
and diabetes in the inpatient psychiatry population, compared to
age-matched rates of prevalence of diabetes in the general community. Second, diabetes was associated with a more prolonged
psychiatric inpatient LOS. Third, increasing age and substance
abuse were associated with higher rates of diabetes in the inpatient
psychiatry population, independent of other risk factors. Fourth,
diabetes was associated with lower employment rates. Fifth, in
one-third of inpatients, weight and lipid profile was not recorded.
The rates of pre-diabetes and diabetes in this study were 19%
and 14% respectively. Prior studies have similarly reported high
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rates of diabetes in those patients with psychosis living in the
community (6). In the current study, we demonstrate a snapshot
of the glycemic status of the inpatient psychiatry population
who are likely a more vulnerable group, with regards to higher
psychiatric illness severity, chronic illness and disability.
In the current study, a longer duration of psychiatric illness
was not associated with diabetes presence. A study of two epidemiological databases of psychiatric inpatients over two different
time periods did not find any association between diabetes and
serious mental illness but reported an association between diabetes and psychotropic treatment (15). The lack of association may
be due to the small population size, the variety of mental health
diagnosis, the short follow-up, and not accounting for confounding factors (15).
There was a significant gender bias skewed toward males,
representing approximately 70% of psychiatric inpatients. This
finding is in line with previous studies demonstrating that males
present with psychiatric disorders requiring admission (16).
The most prevalent psychiatry diagnosis in our patient cohort
included schizophrenia, depression, and substance abuse, which
are reflective of the disease burden in the acute inpatient psychiatry
patient. Substance abuse has been described in previous studies to
be associated with the development of diabetes through multiple
mechanisms, including hyperglycemia, hyperinsulinemia, poor
overall physical health, higher rates of psychological distress,
poor compliance to psychotropic therapy, and increasing rate of
mental health admissions (6, 7, 17). It is, therefore, challenging to
pinpoint one factor alone in the development of diabetes.
Many studies have shown that use of atypical psychotropic
therapy has been associated with weight gain, impaired glucose
metabolism, and increased risk of metabolic syndrome (18).
Contrary to previous studies, we did not find a significant association between the type of psychotropic therapy patients received
and prevalence of diabetes except in those inpatients who were
taking aripiprazole. In fact aripiprazole has been shown in two
studies to relate to a favorable metabolic profile (19, 20). Perhaps
our data highlighted those individuals who were in the process
of being transitioned to aripiprazole from a different psychotropic agent and hence this association may reflect the severity
of underlying psychiatric disease and longer prior duration of
antipsychotic use.
Limitations of the current study include lack of long-term
medication exposures, including drug dosage prior to admission.
Lifestyle factors, such as smoking, alcohol consumption, and
substance abuse, may be underreported or inaccurately recorded.
Clinical variables, such as weight and lipid profile, were missing
in a significant proportion of the inpatients, perhaps reflecting
the difficulty of obtaining a thorough physical examination and
full metabolic profile in vulnerable psychiatry inpatients as has
been described in previous studies (21, 22). Due to the limited
data on the clinical characteristics, we were not able to make a
comment on the presence of the metabolic syndrome in the current cohort. We were, therefore, not able to incorporate HbA1c
into the revised definition of metabolic syndrome to enhance the
detection of hyperglycemia (23). Additionally, ethnicity data was
not routinely recorded.
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Multivariable analysis highlighted variables associated with
the presence of diabetes which may be useful in early flagging
of those patients at highest risk of developing diabetes, namely,
age, substance abuse, and presence of cardiovascular risk factors.
Multivariable analysis also highlighted that patients with diabetes
were more likely to have a longer length of inpatient psychiatry
stay, suggesting perhaps that mental illness is more severe in
people with diabetes.
However, given that this is an observational study, it is
difficult to ascertain cause and effect. For example, the use of
aripiprazole could reflect severity of mental illness and may be
a confounder.
Current recommendations from Diabetes Australia are that
individuals should be screened every 3 years from the age of 40
(24). The only relevant reference to screening those with mental
illness is that the guideline suggests screening inpatients on
antipsychotic medication alone, not including other psychiatric
medications. A consensus statement developed by the ADA in
2004 discusses the screening for hyperglycemia in people treated
specifically with antipsychotic medications (13). However, this
may not capture other patients with mental illness who are on
other psychiatric medications and may be at risk of developing
diabetes. The New South Wales Health Clinical algorithm “Don’t
Just Screen, Intervene” (25) recommends measurement of fasting glucose or HbA1c every 3–6 months in people receiving
antipsychotic medications, for early detection and intervention.
The National Institute for Health and Care Excellence Guidelines
recommend diabetes screening prior to commencement of
antipsychotic medication, 3 months later, then annually (26).
Over one-third of our patient group did not have a weight or
lipid profile recorded at baseline. This is a significant proportion
of patients who are not getting optimal screening and, therefore,
not being provided with the opportunity for optimization of
management. Our current hospital guidelines suggest screening
for diabetes as well other metabolic parameters in any patient
prescribed psychotropic medications regardless of age (27).
However, the challenge is obviously in implementing these
guidelines as well ongoing management of these patients due
to their potential lack of insight and care secondary to their
mental illness. Barriers to screening, diagnosis, and monitoring
of physical conditions in patients with mental illness are manifold and have already been described in many studies (28–31).
Nevertheless, a hospital admission is an opportunity to screen
for and initiate treatment of diabetes in all people with severe
mental illness. Furthermore, it is an ideal opportunity to optimize therapy in a setting where admissions are often protracted
and education in diabetes self-care and diet can be initiated once
the patients is sufficiently well.
Metformin coupled with a lifestyle intervention program
has been proposed in people at high risk of diabetes for cardiometabolic protection as it has been shown to improve weight and
metabolic parameters in normo-glycemic patients with psychosis
commencing or receiving antipsychotic medication (32–34).
Novel diabetic agents such as GLP-1 agonist are also being
studied for management of diabetes and obesity in psychiatry
populations on antipsychotic medications (35).
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CONCLUSION

and editing of the article, and final approval for publication. AK,
HW, AM, AY, EC, and QL contributed to the design of the study,
collection of data for analysis and interpretation, editing of the
article, and final approval for publication. RK contributed to
design of the study, analysis of data and drafting and editing of
the article, and final approval for publication. MH contributed to
the analysis of the data, interpretation of the data, editing of the
article, and final approval for publication. GH, EO-J, RR, and KS
contributed to the design of the study, analysis of data and editing
of the article, and final approval for publication. JZ contributed
to the design of the study, analysis of data, and editing of the
article. All authors have read and approved the final version of
the manuscript and final approval for publication. PN, LC, and
EIE are the guarantors of this work and, as such, had full access
to all the data in the study and take full responsibility for the
integrity of the data and the accuracy of the data analysis and final
approval for publication.

The prevalence of type 2 diabetes and pre-diabetes in our inpatient psychiatry population was high compared to age-matched
rates of prevalence of diabetes in the general community and
reflected the poor physical health of patients with mental illness.
There was a strong association between increased age, lower
employment rates, and substance abuse with the prevalence of
diabetes, independent of other risk factors, as well prolonged
inpatient LOS. While there are good guidelines for diagnosis and
managing diabetes in these patients, one-third of our patients
did not have appropriate cardio-metabolic screening as per our
current guidelines. The challenges lie in health professionals
implementing these guidelines due to a number of factors,
including well-defined disparities in the delivery of health care
to people with severe mental illness and bidirectional lack of
engagement. The management of glycemic status in psychiatric
inpatients following discharge may also be challenging and
hence routine HbA1c testing as an inpatient presents an opportunity to address and improve glycemic management during the
inpatient stay.

ACKNOWLEDGMENTS
The abstract was presented at the European Congress of
Endocrinology, 28th–31st May 2016.

AUTHOR CONTRIBUTIONS

FUNDING

PN and EIE initiated the study, participated in its design, conception, and co-ordination, helped in the collection of data for
analysis and interpretation, drafting and editing of the article, and
final approval for publication. LC contributed to the conception
and design of the study, performed the statistical analysis, drafting

EIE was supported by an NHMRC Early Career Fellowship, a
Viertel Clinical Investigatorship, RACP Fellowship, Sir Edward
Weary Dunlop Medical Research Foundation research grant, and
an unconditional Takeda Pharmaceuticals grant.

REFERENCES

11. Greci LS, Kailasam M, Malkani S, Katz DL, Hulinsky I, Ahmadi R, et al.
Utility of HbA1c levels for diabetes case finding in hospitalized patients with
hyperglycemia. Diabetes Care (2003) 26(4):1064–8. doi:10.2337/diacare.26.
4.1064
12. Steylen PMJ, van der Heijden FMMA, Hoogendijk WJG, Verhoeven WMA.
Glycosylated hemoglobin as a screening test for hyperglycemia in antipsychotic-treated patients: a follow-up study. Diabetes Metab Syndr Obes (2015) 8:57.
doi:10.2147/DMSO.S70029
13. Association AD. Consensus development conference on antipsychotic drugs
and obesity and diabetes. Diabetes Care (2004) 27(2):596–601. doi:10.2337/
diacare.27.2.596
14. Statistics ABo. National Health Survey: First Results, 2014-2015. Canberra:
Australian Bureau of Statistics (2015). Available from: http://www.abs.gov.au/
ausstats/abs@.nsf/mf/4364.0.55.001
15. Le Noury J, Khan A, Harris M, Wong W, Williams D, Roberts T, et al. The
incidence and prevalence of diabetes in patients with serious mental illness
in North West Wales: two cohorts, 1875–1924 & 1994–2006 compared. BMC
Psychiatry (2008) 8(1):1. doi:10.1186/1471-244X-8-67
16. Thompson A, Shaw M, Harrison G, Ho D, Gunnell D, Verne J. Patterns of
hospital admission for adult psychiatric illness in England: analysis of Hospital
Episode Statistics data. Br J Psychiatry (2004) 185:334–41. doi:10.1192/
bjp.185.4.334
17. AIHW. Diabetes and Poor Mental Health and Wellbeing: An Exploratory
Analysis Series No. 16. Cat. no. CVD 55. Canberra: AIHW (2011). Available
from: http://www.aihw.gov.au/publication-detail/?id=10737419252
18. Haupt DW, Rosenblatt LC, Kim E, Baker RA, Whitehead R, Newcomer JW.
Prevalence and predictors of lipid and glucose monitoring in commercially
insured patients treated with second-generation antipsychotic agents. Am
J Psychiatry (2009) 166(3):345–53. doi:10.1176/appi.ajp.2008.08030383
19. Barnett AH, Millar HL, Loze J-Y, Gilbert J, Van Baardewijk M, Knapp M.
UK cost-consequence analysis of aripiprazole in schizophrenia: diabetes and

1. Australia D. Diabetes National Election Agenda 2013–2015: Type 2 Diabetes:
The 21st Century Pandemic. Canberra: Diabetes Australia (2012).
2. Shaw J, Tanamas S. Diabetes: The Silent Pandemic and Its Impact on Australia.
Melbourne: Baker IDI Heart and Diabetes Institute (2012).
3. Australian Government, Australian Institute of Health and Welfare. Australian
Health Survey: First Results, 2011-2012. (2012). Available from: http://www.
aihw.gov.au/how-common-is-diabetes/
4. Nanayakkara N, Nguyen H, Churilov L, Kong A, Pang N, Hart GK,
et al. Inpatient HbA1c testing: a prospective observational study.
BMJ Open Diabetes Res Care (2015) 3(1):e000113. doi:10.1136/bmjdrc2015-000113
5. Bach LA, Ekinci EI, Engler D, Gilfillan C, Hamblin PS, MacIsaac RJ, et al. The
high burden of inpatient diabetes mellitus: the Melbourne Public Hospitals
Diabetes Inpatient Audit. Med J Aust (2014) 201(6):334–8. doi:10.5694/
mja13.00104
6. Morgan W, Jablensky M, McGrath C, Bush C, Cohen H, Gelletly S, et al. People
Living with Psychotic Illness 2010. Canberra: Australian Government (2011).
7. Balhara YPS. Diabetes and psychiatric disorders. Indian J Endocrinol Metab
(2011) 15(4):274. doi:10.4103/2230-8210.85579
8. Dixon L, Weiden P, Delahanty J, Goldberg R, Postrado L, Lucksted A, et al.
Prevalence and correlates of diabetes in national schizophrenia samples.
Schizophr Bull (2000) 26(4):903. doi:10.1093/oxfordjournals.schbul.a033504
9. Smith M, Hopkins D, Peveler RC, Holt RIG, Woodward M, Ismail K. First-v.
second-generation antipsychotics and risk for diabetes in schizophrenia:
systematic review and meta-analysis. Br J Psychiatry (2008) 192(6):406–11.
doi:10.1192/bjp.bp.107.037184
10. Committee IE. International Expert Committee report on the role of the
A1C assay in the diagnosis of diabetes. Diabetes Care (2009) 32(7):1327–34.
doi:10.2337/dc09-9033

Frontiers in Endocrinology | www.frontiersin.org

7

March 2017 | Volume 8 | Article 53

Naidu et al.

20.
21.
22.

23.
24.
25.
26.
27.
28.
29.

Diabetes in Psychiatric Inpatients

coronary heart disease risk projections (STAR study). Eur Arch Psychiatry Clin
Neurosci (2009) 259(4):239–47. doi:10.1007/s00406-008-0863-2
De Hert M, Hanssens L, Van Winkel R, Wampers M, Van Eyck D, Scheen A,
et al. A case series: evaluation of the metabolic safety of aripiprazole. Schizophr
Bull (2007) 33(3):823–30. doi:10.1093/schbul/sbl037
Buckley PF, Miller DD, Singer B, Arena J, Stirewalt EM. Clinicians’ recognition
of the metabolic adverse effects of antipsychotic medications. Schizophr Res
(2005) 79(2):281–8. doi:10.1016/j.schres.2005.04.010
Newcomer JW, Nasrallah HA, Loebel AD. The atypical antipsychotic therapy
and metabolic issues national survey: practice patterns and knowledge
of psychiatrists. J Clin Psychopharmacol (2004) 24(5):S1–6. doi:10.1097/
01.jcp.0000142281.85207.d5
Siu PM, Yuen QS. Supplementary use of HbA1c as hyperglycemic criterion
to detect metabolic syndrome. Diabetol Metab Syndr (2014) 6(1):119.
doi:10.1186/1758-5996-6-119
Deed G, Ackermann E, Newman R, Audehm R, Arthur I, Barlow J, et al.
General Practice Management of Type 2 Diabetes: 2014-15. Melbourne: Royal
Australian College of General Practitioners (2014).
Curtis J, Newall HD, Samaras K. The heart of the matter: cardiometabolic
care in youth with psychosis. Early Interv Psychiatry (2012) 6(3):347–53.
doi:10.1111/j.1751-7893.2011.00315.x
NPHG. Preventing Type 2 Diabetes – Risk Identification and Interventions
for Individuals at High Risk. Manchester: National Institute for Health and
Clinical Excellence (2012).
AH MHC. Metabolic Health & Screening for Consumers Receiving Psychotropic
Medication. Perth: Government of Western Australian, Mental Health
Commission (2015).
Lambert TJ, Newcomer JW. Are the cardiometabolic complications of
schizophrenia still neglected? Barriers to care. Med J Aust (2009) 190(4
Suppl):S39–42.
Barnes TR, Paton C. Improving prescribing practice in psychiatry: the experience of the Prescribing Observatory for Mental Health (POMH-UK). Int Rev
Psychiatry (2011) 23(4):328–35. doi:10.3109/09540261.2011.606541

Frontiers in Endocrinology | www.frontiersin.org

30. Phelan M, Stradins L, Morrison S. Physical health of people with severe mental
illness. BMJ (2001) 322(7284):443–4. doi:10.1136/bmj.322.7284.443
31. Newcomer JW, Hennekens CH. Severe mental illness and risk of cardiovascular disease. JAMA (2007) 298(15):1794–6. doi:10.1001/jama.298.15.1794
32. Newall H, Myles N, Ward PB, Samaras K, Shiers D, Curtis J. Efficacy
of metformin for prevention of weight gain in psychiatric populations:
a review. Int Clin Psychopharmacol (2012) 27(2):69–75. doi:10.1097/
YIC.0b013e32834d0a5b
33. Curtis J, Newall H, Myles N, Shiers D, Samaras K. Considering metformin
in cardiometabolic protection in psychosis. Acta Psychiatr Scand (2012)
126(4):302–3. doi:10.1111/j.1600-0447.2012.01906.x
34. Siskind DJ, Leung J, Russell AW, Wysoczanski D, Kisely S. Metformin for
clozapine associated obesity: a systematic review and meta-analysis. PLoS One
(2016) 11(6):e0156208. doi:10.1371/journal.pone.0156208
35. Mayfield K, Siskind D, Winckel K, Russell AW, Kisely S, Smith G, et al. Glucagonlike peptide-1 agonists combating clozapine-associated obesity and diabetes.
J Psychopharmacol (2016) 30(3):227–36. doi:10.1177/0269881115625496
Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
The handling editor declared a shared affiliation, though no other collaboration,
with one of the authors (KS) and states that the process nevertheless met the
standards of a fair and objective review.
Copyright © 2017 Naidu, Churilov, Kong, Kanaan, Wong, Van Mourik, Yao, Cornish,
Hachem, Hart, Owen-Jones, Robbins, Lam, Samaras, Zajac and Ekinci. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

8

March 2017 | Volume 8 | Article 53

