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ABSTRACT

Steroid-induced hyperglycaemia (SIH) is a common
adverse effect in patients both with and without diabetes.
This project aimed to improve the screening and diagnosis
of SIH by improving the knowledge of healthcare
professionals who contribute to the management of SIH

in hospitalised patients. Monitoring and diagnosis of SIH
were measured in areas of high steroid use in our hospital
from May 2016 to January 2017. Several interventions
were implemented to improve knowledge and screening
for SIH including a staff education programme for nurses,
healthcare assistants and doctors. The Trust guidelines for
SIH management were updated based on feedback from
staff. The changes to the guideline included shortening the
document from 14 to 4 pages, incorporating a flowchart
summarising the management of SIH and publishing the
guideline on the Trust intranet. A questionnaire based

on the recommendations of the Joint British Diabetes
Societies for SIH was used to assess the change in
knowledge pre-intervention and post-intervention. Results
showed an increase in junior doctors’ knowledge of

this topic. Although there was an initial improvement in
screening for SIH, this returned to near baseline by the
end of the study. This study highlights that screening

for SIH can be improved by increasing the knowledge

of healthcare staff. However, there is a need for ongoing
interventions to sustain this change.

BACKGROUND

Steroids are used in a variety of settings
includingallergic, inflammatoryand immuno-
logical conditions. The prevalence of steroid
use in hospitalised patients is as high as 12%."
Steroids act directly on the liver to increase
gluconeogenesis, as well as increasing protein
and fat breakdown. There is also a reduction
in beta-cell function/insulin secretion in
the pancreas. In addition, steroids simulta-
neously cause insulin resistance throughout
the body, which further exacerbates hyper-
glycaemia. This combination of effects is
commonly known as steroid-induced hyper-
glycaemia (SIH) and is defined by the Joint

British Diabetes Society (JBDS) for inpatient
management as a capillary blood glucose
(CBG) >11.1mmol/L measured on two sepa-
rate days in the pre-evening meal period.” It is
important to note that this occurs in patients
both with and without diabetes.” The preva-
lence of hyperglycaemia in patients treated
with steroids has been previously identified
between 64% and 72%.%

Hyperglycaemia for prolonged periods may
cause symptoms of diabetes including poly-
dipsia, polyuria, fatigue, infections and other
complications.” This may also manifest in
diabetic emergencies such as hyperosmolar
hyperglycaemic state or diabetic ketoacidosis.
A guideline for monitoring and management
of SIH has been published by the JBDS for
inpatient management.” Several audit stan-
dards have been set out in this document for
inpatient management of SIH.

Through informal discussions on the wards
and from the quality of hyperglycaemia
referrals sent to diabetes team for inpatient
review, we identified staff knowledge was poor
surrounding the management of SIH. In addi-
tion, it was acknowledged that the trust guide-
line was both long (14 pages) and difficult to
follow as it was made up of paragraphs of text.
We hypothesised that monitoring and diagnosis
of SIH could be increased through education
of staff and improvement of local guideline,
which formed the basis of this quality improve-
ment project (QIP). This project involved
assessing change in the screening for SIH and
knowledge among healthcare practitioners
with several interventions.

PROBLEM

An audit assessing the current management
of SIH in our hospital showed that the preva-
lence of STH was 25%. SIH was defined as two
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measurements of CBG greater than 11.1 mmol/L as per the
JBDSHP guideline. This prevalence is only inclusive of those
patients who were appropriately screened for SIH; of this
cohort, 75% of patients had their CBG measured at least
once in the pre-evening time frame. We noted thatscreening
for SIH including pre-evening meal CBG, glycated haemo-
globin (HbA1C), confirmatory serum glucose and diabetes
referrals were higher in patients with diabetes than those
without, but fell far lower than the national guidelines’
audit recommendations of 90%.

The monitoring, diagnosis and management of SIH
involve input from different members of the medical team.
Doctors participate by prescribing steroids, requesting
blood tests and arranging diabetes referrals. Nurses
and healthcare assistants (HCAs) are involved in CBG
monitoring. There are many issues with this framework,
including the requirement of good understanding of SIH
by staff and communication between team members to
ensure adequate monitoring is carried out and the results
acted on. We found limited studies assessing the knowledge
and management of SIH in the clinical setting.

DESIGN
The QIP was undertaken between May 2016 and January
2017 at a large tertiary-care centre located in the West
Midlands, providing services to a diverse population of
patients with over 375000 admissions per year. Six wards
with high steroid use (respiratory, neurology and oncology
wards) were selected to maximise the impact of the focused
intervention. The standards for monitoring and diagnosis
of SIH were based on JBDS-IP guideline* We included all
patients treated with two or more doses of oral/intramus-
cular/intravenous or subcutaneous steroids during the
study period. Patients treated with inhaled steroids or ‘one-
off’ steroids were excluded in the current study. Baseline,
interim and final data were collected in May 2016, October
2016 and January 2017. The aim was to:
1. Improve CBG screening in patients receiving steroids
to >90%.
2. Improve the proportion of patients with adequate
blood glucose control to >75%.
3. Improve the knowledge regarding monitoring,
diagnosis and management of SIH among healthcare
practitioners.

Quality improvement project (QIP) milestones May 2016-January 2017.

We adopted the plan—-do—study—act (PDSA) cycle to

address the primary outcome in this study. The PDSA

cycle method is described as":

1. Plan—plan the test, intervention or observation,
including a plan for collecting data.

2. Do—trial the intervention on a small scale.

3. Study— analyse the data and study the results.

4. Act—refine the change, based on what was learnt
from the test.

The interventions and date of their introduction into the

QIP are summarised in figure 1.

STRATEGY
A working group consisting of three diabetes consultants,
one diabetes registrar with a special interest in SIH, three
diabetes specialist nurses (DSNs), two junior doctors and
one fourth-year medical student was set up to act as the
main steering group to ensure completion of the QIP.
The steering group were responsible for reviewing the
literature and identifying effective strategies that would
be employed in the PDSA cycles. The process was itera-
tive as the steering group sought feedback from junior
doctors and nurses regarding areas that needed specific
improvement. During the study period, the steering
group identified three important themes relating to
improving the identification and management of SIH,
which in turn formed the basis of the three PDSA cycles
used in the study to achieve our aims:
1. Improvement of CBG monitoring to screen for SIH by
nursing and auxiliary staff.
2. Improvement of junior doctors’ knowledge regarding
SIH.
3. Improvement of the Trust guideline for SIH.

PDSA cycle 1: improvement of CBG monitoring to screen for
SIH by nursing and auxiliary staff

DSNs and diabetes educators conducted one-to-one training
for nurses and HCAs on the sampled wards about SIH. The
DSNs used a flowchart developed for the study (figure 2)
and teaching was carried out between June and September
2016. One-to-one teaching is a validated teaching tool used
in a wide variety of settings.7 ® The flowchart and tutorials
included information about diagnostic criteria, the correct
timing and duration of CBG monitoring, and appropriate
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Steroid Induced Hyperglycaemia guidelines
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Humulin | 10 units in the morning 2. If on Gliclazide, increase morning dose by 40mg
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Discharge planning for all patients with steroid induced hyperglycaemia

 Lifestyle advice * The dischargng doctor to email
* Hypoglycaemia advice Diabetes. Secretaries@uhb.nhs.uk 10 request OP

appointment by in diabetes clinic (code XXBN)
* Glucose monsoning (late afterncon/evening) * GP 10 repeat fastng ghucose’ HBA . 3 months later

Figure 2 Flowchart to diagnose and manage steroid-induced hyperglycaemia. The flowchart included information about
diagnostic criteria, appropriate capillary blood glucose monitoring and appropriate investigations required if the patient was
diagnosed with SIH (PICS, patient information and communication system; OP, outpatient; GP, general practitioner).

investigations required if the patient was diagnosed with
SIH. Forty-eight per cent (114/237) of the nursing staff
were educated first hand during this period. To further
improve teaching uptake, we later adopted a chain educa-
tion approach where the DSNs trained one member of
ward staff, who then disseminated the knowledge further to
other colleagues. This was highly effective, achieving up to
81% staff education.

PDSA cycle 2: improvement of junior doctors’ knowledge
regarding SIH

A 5min focused teaching session was organised for
junior doctors ranging from Foundation Year to Core
Medical Training, which was delivered during their

mandatory weekly teaching sessions in December
2016. The teaching was based on a presentation
pre-approved by the steering group and delivered
by the same team responsible for delivering the
PDSA cycle 1 teaching. The focused teaching session
included slides exploring the pathophysiology, diag-
nosis and management of SIH. This was facilitated
using the flowchart from PDSA cycle 1 and explo-
ration of tools to aid management on the Trust
intranet. Prior to the delivery of the session, we deliv-
ered a questionnaire to measure the baseline knowl-
edge, and this was then repeated 6 weeks following
the teaching to assess for improvement in knowledge
regarding SIH.
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PDSA cycle 3: improvement of the Trust guideline for SIH
Feedback from the healthcare staff suggested the Trust’s
current SIH guideline was too lengthy and difficult to use.
During the study period, the steering group revised the
current 14-page document to 4 pages, with the inclusion
of the easy-to-interpret flowchart used in PDSA cycles 1
and 2. Revision and improvement of an existing guideline
has been previously proven to be effective in a similar QIP
conducted at the trust where the diabetes ketoacidosis
treatment guideline was summarised in a single poster.
This modification resulted in a vast reduction in the dura-
tion of diabetic ketoacidosis (DKA) in inpatients at the
trust.” All healthcare staff were informed of the updated
version of the SIH guideline, which was published on the
Trust intranet.

The steering group met up at regular intervals to
discuss feedback from healthcare staff and the progress
of the different cycles. Complementary to the study, the
importance of SIH was highlighted to the hospital staff
during the diabetes awareness week in November 2016.

MEASUREMENT AND ANALYSIS

Staff practice was assessed at three points: (1) baseline
in May 2016, (2) post-nursing and HCA training (PDSA
1) in October 2016, and (3) postjunior doctor training
and guideline updates (PDSA 2 and 3) in January 2017.
We included patients prescribed steroids on the selected
wards during these 3 months. Demographic data, medical
history of diabetes, steroid type, prescription duration
and presence of pre-evening meal glucose measurement
were collected for patients admitted on the study wards.
Steroid dose was calculated in hydrocortisone equiva-
lent units to allow direct comparison of doses.'"’ Once
an individual fulfilled the diagnostic criteria for SIH
(figure 2), further glucose measurements in addition to
pre-evening CBGs were also analysed to assess if patients
were appropriately having their blood glucose moni-
tored four times per day. Junior doctors were assessed
on their SIH knowledge using a nine-question survey
(Appendix xx) pre-intervention and 6weeks’ post-edu-
cational intervention as outlined above in PDSA cycle 2.
The questionnaire was approved by the steering group
and trialled in a pilot study of 28 members to ensure its
appropriateness. Statistical analysis was performed using

the two-proportion Z test where H:P =P,. P (hat) values
were calculated for each set of data and then used to
calculate Z values.

RESULTS

The demographics of patients included in the QIP along
with the average hydrocortisone equivalent steroid doses
at the three time points are summarised in table 1. There
were 68 patients treated with steroids on the six wards in
May 2016. Also, 19.1% (13/68) had adequate pre-evening
CBG measurement, with 25.0% (17/68) of initial meas-
urements meeting diagnostic criteria for SIH.

There was an improvement in the proportion of
patients who had pre-evening meal CBG monitored at
least once during their steroid therapy from May 2016 to
October 2016 in both patients with and without diabetes
(figure 3). This improvement corresponded to the period
of nursing and HCA education. However, the change
was not statistically significant. While the improvement
was sustained in patients with diabetes, these results
dropped in patients without diabetes in our repeat audit
in January 2017, suggesting a need for sustained inter-
vention. We noted mixed results when we measured the
proportion of patients who had appropriate monitoring
throughout their steroid therapy (figure 4). While there
was an improvement from May 2016 to October 2016 for
patients without diabetes, the values returned to base-
line in our repeat audit in January 2017. Interestingly,
for patients with diabetes, there was a drop in compar-
ative values from May 2016 to October 2016, whereas
the pre-evening CBG monitoring improved during this
period in this subgroup. The cause of the reduced overall
monitoring in this period was not identified during this
QIP. However, these values improved in our repeat audit
in January 2017.

The changes in screening were reflected in the diag-
nosis of SIH during our study (figure 5). One hundred
per cent (15/15) of patients with diabetes had SIH in
our interim analysis in October 2016 compared with 50%
(13/26) in May 2016. However, this dropped to 56.3%
(9/16) in January 2017. Of our collected measurements,
12.7% (8/63) of patients without diabetes had SIH in
October 2016 compared with 9.5% (4/42) in May 2016.
This dropped to 4.8% (3/63) in January 2017.

Table 1

Sociodemographics of patients included in the quality improvement project

Characteristics May 2016 October 2016 January 2017
Mean age (years) 62+17.1 60+17.7 62+16.5

Age range (years) 20-95 19-91 18-96
Male:female ratio 1.5:1 1.3:1 1:1

Dose (hydrocortisone equivalent dose/24 hours) 1558 1146 948

Average duration of steroid treatment (days) 3.79 3.95 5.4

There was a significant improvement in junior doctors’ knowledge regarding route of steroids causing steroid-induced hyperglycaemia,

monitoring and follow-up required on discharge.
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Figure 3 Percentage of patients who had their pre-evening capillary blood glucose monitored at least once during their
steroid therapy. There was an improvement in the monitoring from May 2016 to October 2016 in both patients with and without
diabetes. While the improvement sustained in patients with diabetes, similar results dropped in patients without diabetes in our
repeat audit in January 2017, suggesting a need for sustained intervention.

Seventy-eight doctors completed pre-teaching ques-
tionnaire and observed the teaching presentation, and
58 completed the follow-up questionnaire. There was
an equal distribution of the different grades of doctors’
responding in the pre-questionnaire and post-question-
naire. There was a significant improvement in junior
doctors’ knowledge regarding the route of steroids
causing SIH (P=0.01), screening for SIH (P=0.01) and
follow-up required on discharge if diagnosed with SIH
(P=0.01) in the survey (table 2).

LESSONS AND LIMITATIONS

While each intervention appeared to improve aspects
of SIH screening, diagnosis and management, it was a
combination of all of the interventions that resulted in
an overall improvement. This reiterates the importance

Patients without pre-existing diabetes
50

10
30
20
= B

May 2016 Oct 2016 Jan 2017

of designing interventions to include all members of
healthcare staff who are involved in the management of
the highlighted topic. Doctors and nurses form two of the
busiest groups of healthcare staff and are diversely distrib-
uted in time (due to shift patterns) and space (across the
hospital). Furthermore, there are many other important
roles to perform and targets to achieve in their jobs while
catering to the needs of our index patients. Therefore, it
is important to design interventions that are directed to
reach the biggest possible group of each job role and yet
simple enough to ensure the information is retained.
One of the earliest strategies and strengths of our QIP
was to involve all the stakeholders and ensure they were
represented in the steering group. The group repre-
sented diabetes consultants, DSNs, diabetes educators,
junior doctors and medical students with special interest

Patients with pre-existing diabetes
50

May 2016 0ct2016 Jan2017

Figure 4 Percentage of patients with appropriate capillary blood glucose monitoring as per guidelines while on steroids. While
patients without diabetes had better monitoring in our interim analysis, this returned to near baseline in repeat measures. There
was a drop in adequate monitoring in patients with diabetes during interim analysis, which improved at the end of the study.
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Figure 5 Percentage of patients who developed steroid-induced hyperglycaemia (SIH) during the study. There was an
improvement in the diagnosis of SIH in both patients with and without diabetes in October 2017. However, this dropped back to

baseline in repeat audit in January 2017.

in SIH. A multidisciplinary steering group allowed for
critical analysis of each intervention and expertise to
ensure interventional appropriateness to each staff grade
level. This approach would be applicable to other educa-
tional QIPs.

Decentralising the educational interventions appeared
as a strength in our QIP; this could be applied in other
settings for successful educational interventions. PDSA
cycle 1 used DSNs trained in SIH management who
reached out to nurses and HCAs on target wards. This
created an interactive learning environment and helped
the steering group obtain feedback about the practical
difficulties faced by staff managing SIH. The feedback,
alongside input from junior doctors, helped us rede-
sign the Trust’s management protocol (PDSA cycle 3).
Comparatively for the junior doctors, due to fluidity
in their rotas in both time and location, the steering
group felt this approach would not be appropriate for

this group. Instead, we used a previously trialled and
successful method in the trust of delivering short educa-
tional interventions during centralised teaching. The
impact of this was reflected in the improvement of junior
doctors’ knowledge regarding SIH. This result reiterates
the usefulness of this setting for the delivery of short
educational interventions.

Despite the initial success, we noted a drop in glucose
monitoring in our index wards that we postulated as an
effect of high staff turnover, which dilutes the effect of
education. We noted a similar result in another QIP to
improve DKA management at our Trust. However, in the
DKA project, there was a significant improvement over
the longer term when all interventions were in place.
We are currently continuing regular education about
SIH for nurses and HCAs through a ‘back to the floor’
programme. This programme involves DSNs returning
to wards to reinforce teaching and aims to maintain the

Table 2 Junior doctors’ questionnaire responses pre-teaching and post-teaching

Question Pre Post P value
Which patients are at risk of SIH? 76.92 80.39 NA
Which routes of steroids can cause SIH? 46.15 74.51 0.01
What is the diagnostic CBG for SIH? 74.36 74.51 NA
What monitoring should be carried out when steroids are 57.69 64.71 NA
prescribed?

What time should the diagnostic CBG be done? 32.05 64.71 0.01
What monitoring should occur once diagnosed with SIH? 44.87 68.63 0.01
What further action should be taken if diagnosed with SIH? 64.10 76.47 NA
What monitoring should occur when steroids are stopped? 78.21 82.35 NA
What discharge arrangements should be made if patient had SIH? 44.87 70.59 0.01
Total score 57.69 72.98 NA

There was a significant improvement in junior doctors’ knowledge regarding route of steroids causing SIH, monitoring and follow-up required

on discharge.

CBG, capillary blood glucose; NA, not applicable; SIH, steroid-induced hyperglycaemia.

6 Kempegowda P, et al. BMJ Open Quality 2018;7:€000238. doi:10.1136/bmjog-2017-000238



8 Open Access

positive changes made through education in these proj-
ects. Early indications show this to be an effective way
of improving several indicators of diabetes care, which
would be transferable to screening for SIH.

Although the QIP was largely successful, there were
important limitations which other QIPs or audits could
learn from. This QIP was limited to hospitalised patients
and thus not directed towards the biggest group of
patients using steroids—those managed in outpatient
clinics; therefore, future work could be done to assess
SIH monitoring and management in these individuals.
Our current QIP was limited to wards with high steroid
use, which may imply a systematic bias as the doctors
and nursing staff may experience SIH more frequently
in these settings; therefore, their baseline understanding
and experience in managing these patients may be better.

As the work was splitinto three PDSA cycles, data collec-
tion was also staggered at three separate points. Contin-
uous data collection would have allowed for a more fluid
analysis, which could have assessed the impact of each
cycle further. With improvement of technology, contin-
uous data collection is becoming easier and future itera-
tions of this QIP at the trust will look to incorporate this.
Future work will require the need to trial this style of QIP
in other settings.

Although multiple indicators were recorded about the
patients, absolute blood glucose level recording pre-in-
tervention and post-intervention was not included in the
study. Due to the fluctuant nature of individual readings
of blood glucose levels, a much more detailed data collec-
tion process exploring other confounders including
medical history and environmental factors would need
to be undertaken, which was not available in this QIP
due to limitations on time, resources and expertise of
individuals conducting the data collection. Future work
could include assessing the impact of these interventions
on this important clinical outcome. An important limita-
tion relating to the results is the accuracy of our defini-
tion of incidence of new cases of SIH. We are likely to be
underestimating our true incidence of SIH due to the low
numbers of adequate pre-evening CBG testing for initial
screening (19.1%). The same limitation relates to the
subgroup analysis of identifying the number of patients
diagnosed with SIH when comparing the patients with
and without diabetes as not all cases were not appropri-
ately screened. Future work could look at reducing this
bias by only conducting subgroup analysis on those who
have been appropriately screened.

Due to a low sample size, the results are not necessarily
generalisable. However, the results still demonstrate
the importance of a combination of interventions in
improving SIH management. Due to limitations in time
and resources of the individuals conducting data collec-
tion, the current QIP focused on areas of those at highest
risk of developing SIH. Our future work will look to repli-
cate this model in a larger setting with a larger popula-
tion so that there would be scope to improve the breadth
of the data collected and to allow for useful subgroup

analysis, an example being the inclusion of the indication
for the steroid by the prescriber. Due to the anticipated
low sample size, these data were not recorded in this
setting as analysis by indication would not have provided
enough outcomes to produce meaningful results. Along-
side this, baseline glycaemic control would prove to be a
useful comparative characteristic to identify and account
for individuals who were already more prone to devel-
oping SIH.

While the variety in grade and experience of the steering
group proved to be beneficial for the study, patient input
as stake holders would further strengthen the design of
the QIP. Future work could focus on educating patients
to know that they should have their CBG monitored, in
turn becoming integral to their own care while as an inpa-
tient and also, if required, once discharged. Although a
problem with the monitoring and management of SIH
has been identified in this study, the cause of this has not
been isolated, nor has it in the literature. In this QIP, we
focused on interventions for doctors, nurses and auxil-
iary staff; however, there are other multidisciplinary team
members such as pharmacists and therapists who play a
key role in management of such patients. Interventions
targeting these staff groups could also prove beneficial.

In order to complement and sustain the educational
interventions we introduced, there are other aspects of
the management of SIH that could be targeted which we
did not explore. At this trust, an electronic prescribing
system is used through which an alert system could be
initiated for patients prescribed steroids. This could
prompt nursing staff to perform CBG monitoring and
for doctors to check these values each day and arrange
further diagnostic tests and hyperglycaemic control as
required. Unfortunately, this is a system which takes up to
2years to initiate and so could not be included in our QIP.

CONCLUSION

Tailored interventions aimed at doctors, nurses and HCAs
can improve screening for SIH in hospitalised patients.
While nursing education resulted in increased CBG
monitoring, ongoing interventions may be needed to
sustain this improvement. Short and focused educational
intervention resulted in good improvement and reten-
tion of knowledge regarding SIH among junior doctors.
Follow-up studies of the long-term impact on clinical
practice in this area will guide further intervention.
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