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1 | INTRODUCTION

Inpatient hyperglycaemia is widely recognized as a poor prognostic
marker in terms of morbidity and mortality, increased length of stay
and cost to the health care system.»? Inpatients who experience
hypoglycaemia have a higher risk of mortality and an increased length
of stay in the hospital.® Despite currently available guidelines,*> man-
agement of glycaemic control in non-critical care inpatients remains
suboptimal and varies widely between centres.

Several factors contribute to the discordance between clinical
evidence and practice, potentially undermining glycaemic outcomes.
Among these factors is the admission of the majority of people with
diabetes under non-diabetes speciality teams or health care profes-
sionals lacking expertise in diabetes management.®” In addition, cur-

rent inpatient glucose monitoring strategies are based on bedside

capillary blood glucose (CBG), which are inadequate and inherently
limited in the detection of dysglycaemia, because of the infrequency
of which it is performed in hospital and increased ward staff burden.

Professional societies recommendations of target glucose levels
in non-critical care settings are based upon the clinical needs of the
individual, as well as centre-specific characteristics focusing on
safety.2? However, expert consensus recommends a target range of
5.6-10.0 mmol/L for non-critically ill inpatients with known diabetes
before admission,'© as levels less than 5.6 mmol/L were found to be
predictors of hypoglycaemia within the next 24 h.?

Real-time continuous glucose monitoring (RT-CGM) use in outpa-
tient settings has been shown to improve outpatient glycaemic out-
comes in various cohorts.?>"'* Use of RT-CGM in hospitals may
benefit those with unstable glycaemia and support busy ward staff.

This pilot study aimed to provide exploratory and preliminary data on
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whether the use of RT-CGM in the UK NHS inpatient setting may
provide an effective method of managing glycaemic control for inpa-

tients under the care of non-diabetes speciality teams.

2 | METHODS

Participants were recruited from general wards at Manchester Royal
Infirmary, Manchester, UK. Inclusion criteria encompassed individuals
aged 218 years, diagnosed with type 2 diabetes according to the World
Health Organization definition for at least 1 year, and receiving insulin
therapy with or without additional glucose-lowering therapy. Exclusion
criteria included those treated in intensive care units, expected length
of stay <3 days, individuals undergoing dialysis, and pregnant or breast-
feeding women. Participants signed informed consent before the start
of study-related procedures. The study concluded after 10 days in the
hospital or until discharge, whichever occurred first.

Participants were randomized (1:1 block) using a centralized web-
based program?® to either intervention or control (Figure 1). Those
allocated to the control arm had a blinded Dexcom G7 sensor (glucose
values not displayed) inserted for data collection purposes and
received standard hospital practice management using CBG monitor-
ing. Participants in the intervention group, using the RT-CGM systems
(Dexcom G7; Dexcom Inc.), had their insulin dosage adjustments man-
aged by non-diabetes speciality clinical teams following face-to-face
education provided by the specialist diabetes team and educators.
General ward staff, who were non-diabetes specialist trained, were
briefed and furnished with pragmatic guidelines for making clinical
and therapeutic decisions, guided by sensor glucose levels, hypo-/
hyperglycaemia alerts and trends. Training and education of up to
45 min in duration on using CGM values for inpatient diabetes man-
agement were provided onsite via face-to-face ward sessions by
members of the diabetes specialist team. During these sessions, guid-
ance on insulin therapy dose adjustments based on CGM and CBG
values was reviewed and discussed. Ward staff were trained to view
and use the electronically prescribed insulin dosages in the patients'
electronic medical record system. They were encouraged to respond

‘ 29 participants invited ‘

‘ 25 participants enrolled ‘

| 25 participants randomised ‘

N

to CGM alerts and review CGM readings regularly. Ward staff were
advised to confirm hypo- and hyperglycaemia alerts with a point-
of-care glucose meter and respond accordingly; if a patient was con-
firmed to be hypoglycaemic, they were to be treated as per hospital
hypoglycaemia guidelines and if hyperglycaemic, to be provided with
supplemental insulin correction doses as electronically prescribed in
their electronic medical records. The hypoglycaemia alert was set at
4.0 mmol/L, while the hyperglycaemia alert was at 13.0 mmol/L. In
response to feedback from general ward staff to minimize alarm fre-
quency, the ‘High Repeat’ alarm was deactivated, and adjustments to
the hyperglycaemia threshold were permitted.

Participants in both study arms maintained their regular insulin
and oral hypoglycaemic therapies. They received extra correction
doses of rapid-acting insulin before meals, in addition to their sched-
uled doses (see Table SA). If participants were fasting or unable to eat,
they received supplemental insulin every 6 h based on the ‘sensitive’
dose on the supplemental insulin scale. During the study, participants
selected standard ward meals at regular meal times without restric-
tions on additional meals or snacks. Their usual activities in the gen-
eral ward were unrestricted.

2.1 | Statistical analysis

Primary endpoint was percentage of time with sensor glucose values
between 5.6 and 10 mmol/L (time in range, TIR) during inpatient stay.
Secondary outcomes were time spent above and below target ranges,
and the mean and standard deviation of sensor glucose. Safety end-
points included significant hypoglycaemic episodes (<3.0 mmol/L),
and other adverse and serious adverse events.

No formal sample size calculation was performed for this explor-
atory pilot study. We aimed to recruit up to 30 participants, targeting
24 complete participants (12 per group) with 20% dropout. The find-
ings from the primary and secondary endpoints of this study will
inform future sample size calculations for the definitive study.

Outcomes were calculated using GStat software, version 2.3
(University of Cambridge) and statistical analyses performed using

12 participants randomly
assigned to RT-CGM group

13 participants randomly
assigned to control group

—ﬂ1 withdrawn from study

24 completed and analysed ‘

FIGURE 1 Study flowchart. RT-CGM,
real-time continuous glucose monitor.
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TABLE 1 Comparison between real-

WILEY_L5%

time continuous glucose monitor Study outcomes RT-CGM (n = 12) Control (n = 12) p-Value
(RT-CGM) and control groups. Duration of study period, days® 7 (3-10) 8.25 (4-10) 0.218
Sensor data availability, %° 78.4 (70.6-85.9) 92.9 (52.9-94.9) 0.219
Time spent at glucose level, %
5.6-10.0 mmol/L® 26.9 (21.7) 31.5(20.3) 0.604
3.9-10 mmol/L 30.3 (26.4) 36.2(25.1) 0.580
>10.0 mmol/L 68.6 (28.0) 63.2(25.8) 0.631
>16.7 mmol/L? 13.5(2.9-41.9) 3(0.9-43.2) 0.583
<3.9 mmol/L° 0.02 (0.00-0.28) 0.22 (0.00-0.50) 0.529
<3.0 mmol/L° 0.00 (0.00-0.20) 0.02 (0.00-0.20) 1.000
Mean glucose, mmol/L 13.0 (10.8-16.9) 11.3 (10.0-15.6) 0.566
Between days CV glucose, % 24.4(23.0-32.3) 26.2 (24.2-31.1) 0.695
Pre-study TDI (V) 54.6 (32.5) 51.1(36.4) 0.806
Post-study TDI (U) 54.9 (30.8) 48.3 (29.4) 0.607

Note: Data presented as mean (SD).
Abbreviations: RT-CGM, real-time continuous glucose monitor; TDI, total daily insulin.

#Mean (range).

PMedian (interquartile range).

“Primary endpoint.

SPSS version 25 (IBM Software). All variables were explored descrip-
tively with appropriate statistics [mean (SD) or median] or graphics.
An exploratory unpaired t-test was used to compare normally distrib-
uted variables. Non-normally distributed variables were compared
using a Mann-Whitney U-test. All data were analysed as per the
intention-to-treat approach. All p-values are two-tailed and values

<0.05 were considered statistically significant.

2.2 | Ethics and support sources

The study protocol was approved by an independent research ethics
committee (Greater Manchester East Research Ethics Committee, ref-
erence: 22/NW/0205). All participants provided written informed
consent. DexCom Inc. supplied the CGM devices and sensors at a dis-
counted price. DexCom Inc. had no role in the study design, data col-
lection, data analysis, data interpretation, or writing of the report. The
corresponding author had full access to all study data and final

responsibility for the decision to submit the publication.

3 | RESULTS

In total, 25 participants who were admitted to non-critical care wards
were recruited, with one participant being withdrawn because of
inpatient duration of stay <3 days. Data from the 24 completed par-
ticipants [21% women, 63% White, aged 62.1 (9.0) years, glycated
haemoglobin 86.0 (21.3) mmol/mol, body mass index 28.5 (3.8)
kg/m?] were included in the final analysis.

No significant differences in percentage sensor use, glycated hae-

moglobin, total daily insulin dose or BMI were found between both

groups at baseline (Table SB). The primary endpoint (TIR) was similar
for both arms (Table 1, p =0.604). Time spent in range 3.9-
10 mmol/L was also comparable.

We found no difference in the overall proportions of time in
hyperglycaemia  >10 mmol/L  (p =0.631) and 16.7 mmol/L
(p = 0.583) between the RT-CGM and CBG arms (Figures S1 and S2).
Time spent in hypoglycaemia was <3.9 mmol/L, and <3.0 were low
and comparable. Total daily insulin and changes in daily insulin doses
did not differ between and within groups.

4 | DISCUSSION

In this pilot study, we explored the effects of RT-CGM among inpa-
tients managed by non-diabetes speciality teams and observed no sig-
nificant differences in glycaemic outcomes between RT-CGM and
CBG utilization. The role of RT-CGM is well established in type 1 dia-

betes!?1¢

17,18

and growing evidence shows that RT-CGM use in insu-
lin and non-insulin-treated'® type 2 diabetes in outpatient
settings may lead to improvements in glycaemic control and quality of
life, thereby potentially broadening the use of RT-CGM application in
this population. However, previous randomized controlled studies
comparing RT-CGM with CBG among hospitalized diabetes patients
have shown mixed outcomes. In a study involving 110 inpatients on
insulin therapy, participants were randomized to either RT-CGM or
CBG, with a diabetes advanced practice nurse overseeing sensor glu-
cose data and providing daily guidance to ward staff, resulting in stan-
dardized insulin dose adjustments to optimize therapy.?®° No
significant differences in TIR (3.9-10.0 mmol/L) and below range
were found between groups. Another larger randomized controlled

trial comprising 162 inpatients with type 1 or type 2 diabetes had a
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board-certified endocrinologist offering insulin dose titration recom-
mendations.?* Use of RT-CGM compared with CBG exhibited a ten-
dency towards reducing hypoglycaemic events and time spent below
the target range, while TIR remained comparable across both groups.
To our knowledge, no randomized controlled studies have evalu-
ated RT-CGM effectiveness compared with CBG in the NHS general
ward settings. In the UK, the majority of inpatients with diabetes are
admitted and managed by non-diabetes speciality teams. A recent sur-
vey from 17 trusts covering 30 hospital sites showed that on average
there are less than two inpatient diabetes team staff members per
100 inpatients with diabetes. In addition, all surveyed trusts reported
insufficient diabetes staff compared with the optimal service require-
ments.?? Given this scenario, we adopted a pragmatic approach
aligned with the expected clinical capacity and workflow in an NHS
general ward. Education regarding diabetes management, insulin dose
adjustments and glucose sensor usage was provided by our diabetes
educator and inpatient diabetes team. The use of different insulin reg-
imens and continuation of non-insulin therapy aligns with current clin-
ical practice in the UK and thus is applicable across various settings.
Findings from our pilot study will provide exploratory informa-
tion and hypotheses for a definitive randomized controlled study in
the future. Our preliminary findings suggest that use of RT-CGM
without direct stewardship and guidance from diabetes specialist
teams does not appear to overcome the well-reported therapeutic
inertia, where despite the availability of continuous glucose levels
and hyperglycaemia alerts, hyperglycaemia remains prevalent with
no significant changes in daily insulin dose adjustments. This sug-
gests that RT-CGM for inpatient diabetes management still requires
significant input to overcome this inertia. However, our results
should be interpreted with caution, as this was an exploratory pilot
study with a small sample size, which was not powered to show
superiority or non-inferiority. In contrast, glycaemic outcomes were
significantly improved in studies where insulin delivery was auto-
mated through fully closed-loop systems,?® perhaps highlighting the
importance of reducing ward staff workload burden as well if
improvement in hospital diabetes management is to be achieved.
Limitations of our study include the relatively short study duration
and small sample size; thus, potential confounders between both

groups could not be excluded.

5 | CONCLUSION

Glycaemic control in non-critical care inpatients under non-diabetes
specialist teams during RT-CGM use showed no difference from CBG
in this pilot study. Future well-powered studies may need to incorpo-
rate both structured education for general ward staff and specialist
input from inpatient diabetes teams to enhance the effectiveness of
RT-CGM in hospital settings.
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