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Abstract

Background: Many people with undiagnosed diabetes have hyperglycaemia
when admitted to hospital. Inpatient hyperglycaemia can be an indication of dia-
betes mellitus but can also indicate a stress response. This study reports the extent
to which an in-hospital maximum observed random glucose measurement is an
indicator of the need for in-hospital (or subsequent) HbAlc measurement to look
for undiagnosed diabetes.

Methods: Blood glucose, HbAlc, age and sex were collected for all adults follow-
ing admission to a UK NHS trust hospital from 1 January 2019 to 31 December
2020. We restricted the analysis to those participants who were registered with
a GP practice that uses the trust laboratory and who had at least some tests re-
quested by those practices since 2008. We stratified individuals according to their
maximum in-hospital glucose measurement and report the number of these with
HbA1lc measurement >48 mmol/mol (6.5%) prior to the index admission, and
during and after admission. We calculated an estimated proportion of individu-
als in each blood glucose stratum without a follow-up HbAlc who could have
undiagnosed diabetes.

Results: In toal, 764,241 glucose measurements were recorded for 81,763 indi-
viduals who were admitted to the Oxford University Hospitals Trust. The me-
dian (Q1, Q3) age was 70 (56, 81) years, and 53% were males. Of the population,
70.7% of individuals declared themselves to be of White ethnicity, 3.1% of Asian
background, and 1.1% of Black background, with 23.1% unstated. Of those indi-
viduals, 22,375 (27.4%) had no previous HbAlc measurement recorded. A total
of 1689 individuals had a diabetes-range HbAlc during or after their hospital
admission (2.5%) while we estimate an additional 1496 (2.2%) may have undiag-
nosed diabetes, with the greatest proportion of these having an in-hospital glu-
cose of 215 mmol/L. We estimate that the number needed to detect a possible new
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1 | INTRODUCTION

Many people with undiagnosed diabetes have hypergly-
caemia when they are admitted to hospital.' There is no
accepted systematic process of diagnosing diabetes within
this population although there is evidence that undiag-
nosed diabetes is more prevalent in hospital inpatients
than the general population.*

Inpatient hyperglycaemia can be an indication of di-
abetes mellitus but can also indicate a stress response.
Determining the cause of hyperglycaemia in people pre-
senting to hospital is thus a challenge. A large cohort study
showed that elevated random glucose levels on admission
to hospital are associated with increased risk of both a
subsequent diagnosis of diabetes over a 3-year period, and
death.” In this study, 77% of people admitted with blood
sugars of greater than 11.1 mmol/L did not have a diagno-
sis of diabetes at 3years.” This poses the question of what
threshold of hyperglycaemia should prompt further inves-
tigation to establish a diagnosis of diabetes.

This study aims to explore the potential for ele-
vated in-hospital glucose measurements as a trigger
for HbAlc measurement. Similar studies have been
carried out with a wide range of parameters for test-
ing. For example, one study examined the use of auto-
matically triggered HbAlc measurements for 133,837
people admitted to secondary and tertiary hospitals in
New South Wales, Australia, during 2011 and 2012. The
study used a plasma glucose value of >14mmol/L as
the cut-off.° The authors cite “stress hyperglycaemia”
as the main differential diagnosis in the inpatient with
hyperglycaemia. The rationale for the decision to use
>14mmol/L as a cut-off in this study was the risk of
overburdening the clinicians if a lower value was used.?
The authors report that automatically triggering HbAlc
measurements in their intervention group did not lead
to increased rates of diabetes diagnoses in hospital.®
Another Australian study used a cut-off of 5.5mmol/L

case of diabetes falls from 16 (in-hospital glucose 8 mmol/L to <9 mmol/L) to 4
(14 mmol/L to <15mmol/L).

Conclusion: The number of people who need to be tested to identify an individ-
ual who may have diabetes decreases as a testing threshold based on maximum
in-hospital glucose concentration increases. Among those with hyperglycaemia
and no previous HbAlc measurement in the diabetes range, there appears to be
a lack of subsequent HbA1lc measurement. This work identifies the potential for
integrating the testing and follow-up of people, with apparently unrecognised
hospital hyperglycaemia across primary and secondary care.

cohort study, diabetes, in-hospital testing, diagnosis, digital health

Novelty statement

« This analysis of hospital laboratory audit data
has identified the potential for identifying peo-
ple with a diabetes-range HbAlc during or after
an elevated in-hospital glucose measurement.

« Just over half of those with elevated in-hospital
glucose measurements and no available pre-
admission HbAlc measurement in the diabetes-
range had a subsequent HbAlc measurement.

« Routinely measuring HbAlc at higher maxi-
mum blood glucose strata can identify people
with a HbAlc in the diabetes range and could
be an efficient means to detect people with un-
diagnosed diabetes.

among people presenting to the emergency department
to trigger HbAlc measurement.’ They found that 11% of
those tested had HbAlc measurements consistent with
diabetes.” A more diagnostically relevant threshold of
11.1 mmol/L may increase the accuracy of detection,
but this has not been confirmed.

A recent systematic review of this field concluded that,
although several studies have investigated the rate of un-
diagnosed diabetes among individuals with an in-hospital
glucose measurement above a defined threshold, there is
a lack of diagnostic accuracy data and a lack of consensus
on the most appropriate glucose threshold above which
formal diagnostic testing should be performed.*® Recent
guidance suggests measurement of HbAlc where glu-
cose measurement is 7.8 mmol/L in individuals without a
known diagnosis of diabetes, but this recommendation is
based on expert opinion and the evidence for the thresh-
old proposed is unclear.*

We have examined the relationship between rou-
tinely collected in-hospital glucose measurements and
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the level of subsequently measured HbAlc to explore
whether plasma (adjusted) glucose-guided HbAlc
measurement might be an efficient way of testing for
diabetes in adults admitted to hospital and establish
the potential for translating this approach into clinical
practice.

2 | METHODS

This study was carried out using data from adults aged
18years or older admitted to the Oxford University
Hospitals NHS Foundation Trust (OUH) from 1 January
2019 to 31 December 2020. The data held in the hospital
laboratory database were used for this analysis. The data
used for this analysis were not linked to other sources
of information in the hospital electronic record. We re-
stricted this analysis to participants registered with a GP
practice that sends requests to our laboratory, and for
whom at least one request from primary care had been
received since the beginning of 2008.

Anonymised laboratory data were extracted for all
individuals with a glucose measurement. Methods for
glucose measurement used within the hospital depend
on the clinical setting. Comparability of measurement
across the different devices and assays is supported by in-
ternal quality control and participation in external qual-
ity assurance programmes. Methods used were the point
of care, handheld Abbott Precision Pro (Abbott Diabetes
Care UK), the desktop Radiometer blood gas range
(Radiometer UK Ltd.), and the portable Abbott i-stat
(Abbott Rapid Diagnostics Ltd) analyser. Within the lab-
oratory the Abbott c16000 chemistry analysers (Abbott
Laboratories Ltd) was used. Where required instruments
were set to report plasma glucose equivalents. We have
referred to plasma glucose measurements throughout
the manuscript to include adjusted plasma glucose mea-
surements. The hospital data did not include informa-
tion about the fasting status of participants alongside the
glucose measurement.

HbAlc measurements included those requested from
hospital and from general practices in the catchment area
of the hospital (Oxfordshire, and areas overlapping with
Berkshire, Northamptonshire, and Buckinghamshire).
The hospital laboratory is the sole laboratory used for
NHS laboratory work in this area. All HbAlc testing used
ion-exchange chromatography analysis with the Bio-Rad
D100(Bio-Rad Clinical Diagnostics, Watford, UK). HbAlc
measurements were available from 1/1/2008 to 30/11/2021.

We extracted the age and sex of individuals, ethnic-
ity, practice identifier for the participant, date of admis-
sion and the date and time and results of all glucose and
HbA1c measurements.

DIABETIC KA

We included all individuals with an in-hospital re-
corded plasma glucose >4 mmol/L during and following
their first admission during the period of this analysis. We
stratified the data for each individual by their maximum
glucose concentration during the hospital admission. Data
are presented on the number of people with

« a maximum random glucose measurement pre-
sented in 1mmol/L strata, with a cut point below
5mmol/L and above 15mmol/L where ketone testing
is recommended,

« aprior HbAlc measurement >48 mmol/mol (6.5%) (rep-
resenting a diabetes-range HbAlc measurement and a
surrogate for a prior diabetes diagnosis);

« HbAlc testing during and after admission defined as
after the date of the maximum glucose measurement
identified for the purposes of this analysis,

« without a previous HbAlc measurement but with an in-
hospital or follow-up HbAlc measurement and

« aHbAlc>48 mmol/mol (6.5%) measured during or after
admission but no pre-admission diabetes range HbAlc
measurement (considered to represent people with po-
tentially undiagnosed diabetes).

These data were used to calculate the expected propor-
tion of individuals in each stratum without an available
post-admission HbAlc measurement who were likely to
have an HbA1lc >48 mmol/mol (6.5%) (a surrogate marker
for unrecognised diabetes). We assumed, for the purposes
of the analysis, that the probability of a diabetes-range
HbAlc was similar for those with in and post-hospital
HbAlc testing, and for those who were not tested. Data
on individuals readmitted with subsequent in-hospital
glucose measurements were included with data from the
first admission.

2.1 | Statistical analysis
All data from analysers were automatically uploaded to the
laboratory database and then extracted as an anonymised
database onto secure Trust servers for analysis. Data were
analysed using the statistical package R.!' Counts and
percentages are presented by category. Median, 25th (Q1)
and 75th (Q2) centiles are presented where appropriate.
Number needed to detect were calculated as the number
of people that would be tested divided by the number of
individuals detected as having a diabetes level HbAlc
measurement, with the number approaching 1 for a com-
pletely efficient test.

This project was completed as an approved local audit
at the Oxford University Hospitals NHS Foundation Trust
(May 2021), approval number 6928.
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3 | RESULTS

Between 1 January 2019 and 31 December 2020, 764,241
glucose measurements were recorded for 81,763 individ-
uals admitted to the Oxford University Hospitals Trust
registered with a practice using the hospital laboratory.
The median (Q1, Q3) age was 70 (56, 81) years, and 53%
were males. Of the population, 70.7% of individuals
declared themselves to be of White ethnicity, 3.1% of
Asian background and 1.1% of Black background, with
23.1% unstated. The median number of admissions was
2,'% and median length of admission was 1.3 (0.3, 3.5)
days.

Of the glucose measurements, 459,940 (60.2%) were
made using a point-of-care analyser, 265,233 (34.7%) on
blood gas instruments, 25,782 (3.4%) in the laboratory,
and 13,286 (1.7%) on a portable analyser. 143,265 (18.7%)
of the glucose measurements were made on the day of
the first admission, 51,995 (4.0%) on days 1 and 2, 30,036
(3.9%) on days 3 to 5, and 538,945 (70.5%) on day 5 of the
admission or a subsequent admission.

Results are presented by random glucose stratum for
the maximum glucose observed (Figure 1). The number of
participants included in each maximum-glucose stratum
decreases as the glucose level increases. There were 22,375
(27.4%) individuals with no previous measurement of
HbA1lc (Table 1), decreasing to 12.0% for those with a glu-
cose >9 mmol/L (Table 1). 16.4% of all participants (13,396
individuals) had a HbAlc value in the diabetes range prior
to the first admission, rising to 81.2% (5124 of 6312) with a
maximum glucose >15mmol/L (Table 1).

Of those participants with a pre-admission HbAlc
measurement available, the proportion of those with a

25000
20000
15000

10000 / ’

5000

Number of admissions with blood glucose measured

<5 25t0 <6 26to <7 27t0 <8 >8to<9  29to<10 210to<ll 211to<l2 212to<13 213to<l4 214to<15 215

Maximum blood glucose on admission mmol/L

Number of patients admitted with measurement of plasma glucose

=== Proportion of all patients admitted to hospital with a pre-admission HbAlc test and a measurement in the diabetes range
------ Proportion of patients with no pre-admission HbA1c in diabetes range and a subsequent HbAlc measurement in the diabetes range

Proportion of patients with no preadmission HbAlc in the diabetes range and no HbAlc measured during or after admission

diabetes-range HbAlc increased by stratum of glucose
(Table 1 and Figure 1). Of those participants with no
HbAlc in the diabetes range prior to admission, and with
a HbAlc measurement during or after admission, 1689
(2.5%) individuals were identified with a diabetes-range
HbAlc., while we estimate an additional 1496 (2.2%) may
have had a diabetes-range HbAlc if they had been tested
(Table 2).

For 87.7% of specimens, a suitable ethylenediamine
tetra acetic acid (EDTA) specimen for measuring HbAlc
was available taken within the previous 72h or in the fol-
lowing 12h.

4 | DISCUSSION

4.1 | Findings

This work confirms that many patients admitted to hos-
pital may not have a HbAlc measurement following an
elevated in-hospital glucose measurement. Among the
cohorts with high glucose levels, between 45% and 48%
of those individuals not known to have a prior diabetes-
range HbAlc were identified as not having a subsequent
HbAlc measurement. Among those that were tested dur-
ing or after admission, the proportion of participants with
a diabetes range HbAlc appears to be sufficient for sub-
stantial numbers of people to be identified with diabetes,
with the numbers needed to test to identify a case of dia-
betes falling as maximum glucose concentration increases
(Table 2). Corresponding estimates of the additional
workload this strategy would involve are also presented
(Table 3).

90

/ 80
/ . 70
R 60
s €
40 E‘
30
20
FIGURE 1 Number of patients
10 admitted with measurement of glucose;
0 and proportions of patients with pre-

admission HbAlc in the diabetes
range, occurrence of diabetes range
HbA1lc measurements during and after
admission, and HbA1lc not measured
during or after admission (n = 81,763).
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The proportion of participants identified with a dia-
betes range HbAlc during or after admission appeared
to increase among those with a glucose of 9mmol/L and
above during their hospital admission. This work pro-
vides preliminary information about the potential value
of targeted testing at different glucose thresholds.

4.2 | Comparison with the literature

This is a detailed retrospective audit, reporting data from
a notably larger cohort than those studies previously un-
dertaken. A systematic review of previous studies using
in-hospital glucose measurements to detect diabetes®
identified 12 relevant studies, but mostly with small num-
bers of screened participants, the largest of which had a
study population of 16,268 individuals."*

Population screening strategies for diabetes have
been previously evaluated and comparison with these
studies can be more informative than comparison of
numbers needing to test (NNT) for other conditions
where the invasiveness, cost and outcomes of testing
may be different. A population study in Ontario indi-
cated an NNT to identify undiagnosed diabetes was
14 among men and 22 among women."> A study of
testing in health records from general practice based
on age and BMI suggests a range of NNT 7 to 12.1
The data provided in our study suggest that focussing
on those with higher levels of glucose could offer a
more efficient strategy for predicting the occurrence
of diabetes-level HbAlc among those admitted to
hospital.

This work informs future potential practice where data
could be automatically captured not only from laboratory
measurements but also point-of-care measurements with
glucometers and blood gas analysers. It adds to a detailed
audit previously carried out describing measurement of
glucose levels for acute admissions and the characteristics
of those measured and not measured noting “...there is lit-
tle evidence on how many cases of diabetes would be con-
firmed on HbA1c testing.”® This analysis starts to provide
that information.

4.3 | Strengths and Limitations of
this analysis

This work includes an analysis of more than 80,000 in-
dividuals and integrates primary and secondary care
HbA1c data to allow accurate characterisation of partici-
pants with diabetes-range HbAlc before admission and
those detected during and after admission. In addition,
this work adds to information on the most appropriate

DIABETIC IR

threshold to apply® by stratifying maximum glucose levels
in 1 mmol/L strata.

This retrospective cohort audit has several limitations.
Firstly, the data are drawn from a single centre, although
providing a comprehensive picture of hospital activity.
Secondly, the interval between the random glucose test
and subsequent HbAlc measurement varies. There may
also be systematic bias existing within the population who
received an HbAlc test following admission, for exam-
ple guided by the presence of symptoms, treatments and
other diseases. These variables could increase the likeli-
hood of a person having diabetes and, therefore, the data
could overestimate of the rate of diabetes in the non-tested
population.

Further limitations may arise from the suitability of
HbAlc as a diagnostic test itself. Recent onset hypergly-
caemia may not be associated with an immediate rise in
HbAlc, potentially leading to false negatives, while hae-
moglobinopathies or a rapid erythrocyte turnover can also
lead to an underestimation of glycation based on HbAlc.

4.4 | Implications

HbAlc testing could be implemented for patients
with high glucose levels (with electronic capture of
measurements, real-time algorithms to trigger HbAlc
testing on existing or newly collected EDTA samples
and clinician alerts) and managed within routine
clinical care pathways including primary care. Such
an approach has the potential to detect previously
undiagnosed diabetes, prompt earlier diagnosis and
treatment, and could help prevent or delay the onset of
target organ damage.

For the UK National Health Service tertiary hospital
trust (with just more than 1000 beds) in which this study
was performed, HbAlc testing for all individuals with a
random glucose >8 mmol/L would require 254 HbAlc
tests being performed each week; if this threshold for test-
ing were increased by 1 mmol/L to 29 mmol/L this would
then require 188 HbA1c tests each week (Table 3).

This work was carried out retrospectively on routine
laboratory data, and whilst we have reported HbAlc in the
diabetes range, we do not have further information about
whether these individuals have been diagnosed with di-
abetes. Further work on this will be possible in a future
study using prospectively linked data. Translating these
findings into a clinical strategy would require further
work to predict risk of clinically important and actionable
levels of persisting hyperglycaemia (including those at
high risk of diabetes), potentially on the basis not only of
glucose measurement, but other demographic and clinical
information.

95U8017 SUOWIWOD SAIIaID 3|qeal|dde auyy Ag peusencb afe sajoiLe WO ‘8sN JO Sajni 1oy Akeiqiauluo 3|1 UO (SUOIIPUO-pUE-SLLB) W0 A8 | 1M Ale.q 1jpul uo//Sdny) SUORIPUOD pue SWB | 841 89S *[Z0zZ/T0/ZT] uo Arlqiauluo Ae|iM 91 AQ 8T6YT SWP/TTTT OT/I0p/W0d A1 Aelgjpuljuoy//sdiy wolj pspeojumod ‘0T ‘2202 ‘T6VSrIrT



6of9 | HIN:I (e

FARMER ET AL.

TABLE 1 Measurement of HbAlc during or after-hospital admission over 2-years by maximum glucose (mmol/L) (n = 81,763)

Glucose
Stratum
(mmol/L)

<5

>5to <6
26 to <7
>7 to <8
>8 to <9
>9 to <10
>10to <11
=11 to <12
>12to <13
>13 to <14
=14 to <15
215

N (columns)

Numbers admitted to
hospital with in-hospital
maximum glucose
measurement

8416
19,774
16,560
10,616

6803

4458

2993

2109

1559

1194

969

6312

81,763

HbA1lc measured
before hospital
admission (n)

4708
12,607
11,566

7918

5346

3612

2503

1821

1380

1093

892

5942

59,388

Proportion with HbAlc
measured before
hospital admission (%)

55.9
63.8
69.8
74.6
78.6
81.0
83.6
86.3
88.5
91.5
92.1
94.1

171
477
784
934

1012
938
914
909
788
701
644

5124

13,396

Diabetes-range HbAlc recorded
before hospital admission (n)

TABLE 2 Detection of diabetes level HbAlc during or after admission over 2-years by in-hospital maximum glucose (mmol/L) measured

Glucose
stratum
(mmol/L)

<5

>5to <6
=6 to <7
>7 to <8
>8 to <9
>9 to <10
>10to <11
>11 to <12
>12to <13
=13 to <14
>14 to <15
=15

Column (n)

Implementing a system where HbAlc measurements
were triggered by elevated glucose measurements would
still require further assessment and tests before confirm-
ing a diagnosis of being at high risk or having diabetes.

Number of patients
without prior
diabetes-range HbAlc
measurement and with
first HbAlc >48mmol/
mol measured during
or after hospital
admission

27
142
195
201
189
172
117

85
78
51
49
383
1689

Proportion of total
number admitted to
hospital with first
HbA1lc >48mmol/
mol) detected during
or after admission

0.3
0.7
1.2
1.9
2.8
3.9
39
4.0
5.0
4.3
51
6.1

Proportion with first
HbA1lc >48mmol/mol
detected during or after
hospital admission as a
proportion of those without
prior diabetes range HbAlc
measurement (%)

0.8
1.6
2.6
4.1
6.2
9.1
10.5
13.5
18.5
19.8
28.0
51.0

Challenges to implementation of testing triggered by an
algorithm include resourcing a downstream clinical path-
way that would include communication between second-
ary care and primary care settings, and communication

4
10
8
4
2
1

35

972
651
153
766
765
638
964
570
350
236
150
437
652

No of patients with no
measurement of HbAlc
during or after admission
and no prior diabetes range
HbA1lc measured
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Proportion with diabetes-
range HbAlc recorded
before hospital
admission (%)

2.0
2.4
4.7
8.8
14.9
21.0
30.5
43.1
50.5
58.7
66.5
81.2

Proportion of all patients
with no measurement

of HbA1c during or after
admission and no prior
diabetes range HbAlc (%)

59.1
53.9
492
44.9
40.6
36.7
32.2
27.0
22.5
19.8
15.5

6.9

with affected individuals about the diagnosis, establishing
management plans, monitoring and follow-up. There may
be resource implications for such a testing strategy; the
glucose threshold that triggers automated HbAlc testing

No prior diabetes
range HbAlc
measurement
before hospital
admission (1,%)

8245 (98.0%)
19,297 (97.6%)
15,776 (95.3%)

9682 (91.2%)

5791 (85.1%)

3520 (79.0%)

2079 (69.5%)

1200 (56.9%)

771 (49.5%
493 (41.3%)
325 (33.5%)

1188 (18.8%)

68,367 (83.6%)

Proportion of those
not known to have
diabetes with HbAlc
not measured (%)

60.3
55.2
51.7
49.2
47.7
46.5
46.4
47.5
45.4
47.9
46.2
36.8

Individuals with Proportion with

HbAlc measurement HbAlc measurement

during or after during or after

hospital admission hospital admission

Q] (%)
3423
9083
8338
5768
3935
2720
1931
1446
1129

881
750
5347
44,751

Potential number of
people with undetected
HbAlc in diabetes range

41
175
209
195
173
150
101

77
65
47
42
223
1498

40.7
45.9
50.4
54.3
57.8
61.0
64.5
68.6
72.4
73.8
77.4
84.7

Total numbers of
people that could
be detected with
systematic testing

68
317
404
396
362
322
218
162
143

98

91
606

3187

DIABETIC I

First HbAlc
measurement during
or after admission
(n,%)

1064 (12.6%)
2309 (11.7%)
1718 (10.4%)
976 (9.2%)
551 (8.1%)
350 (7.9%)
206 (6.9%)
128 (6.1%)
85 (5.5%)
54 (4.5%)
37 (3.8%)
255 (4.0%)
7733 (9.5%)

Number needed
to detect

121
61
39
24
16
11
10

N A~ U

should achieve an acceptable balance between test sensi-
tivity and financial and logistical burden to laboratories
and health services. The use of electronic health records
allows for protocol-led communication to primary care,
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TABLE 3 Numbers of patients with maximum glucose above threshold and projected number of HbAlc tests

Random glucose threshold

(mmol/L) over 2-year period
>7 41,034
>8 29,304
>9 21,831
>10 16,862
>11 13,363
212 10,991
>13 9181
=14 7821
>15 6733

In the Oxford University Hospitals NHS Trust.

which could potentially reduce the burden on hospital- >
based clinicians in terms of managing the volume of
investigations and communicating outcomes to the par- 3.
ticipant and GP (e.g. in ensuring results of routine blood
tests are available).
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