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Abstract

Introduction: COVID-19 has triggered a global pandemic and is an emerging situation.
Diabetes has been associated with significant mortality in SARS and MERS-COQV in-
fections. Patients with diabetes are at risk of COVID-19 triggering diabetic emergen-
cies due to known and unknown mechanisms. There is little evidence overviewing the
clinical course of COVID-19 patients who either present or have diabetic emergencies
during their disease course.

Methods: We conducted a retrospective case analysis of all patients admitted to our
hospital during the COVID-19 pandemic. The inclusion criteria were all patients re-
ceiving treatment for COVID-19 and either presenting with a diabetic emergency on
admission or developing an emergency during their admission. Data collected for the
study were all routinely collected data as part of the admission. We compared these
data to nine patients with no COVID-19.

Results: Thirty patients received treatment for a diabetic emergency, of which 21 also
received treatment for COVID-19. Significant differences were found between pH
and bicarbonate on admission between RT-PCR-positive and both RT-PCR-negative
and non-COVID-19 patients. Other results approaching significance include ALP and
eGFR.

Discussion: Patients suffering from COVID-19 and diabetes concurrently can suf-
fer from profound metabolic disturbance, with a significant difference in inpatient
mortality. However further, prospective detailed investigation into biochemical pro-
cesses is needed to fully elucidate underlying mechanisms that affect these patients'

outcomes.
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1 | INTRODUCTION

Open Access,

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-COV-2) is
a novel coronavirus that has triggered a global pandemic of which
the current trajectory remains uncertain. Early data suggest that
increasing age and cardiovascular disease are the markers for sever-
ity and mortality of the Coronavirus Disease 2019 (COVID-19).r A
third of deaths in the United Kingdom with COVID-19 occurred in
people with diabetes: 31.4% in people with type 2 diabetes, 1.5% in
those with type 1 diabetes and 0.3% in people with other types of
diabetes.? Recent epidemiological studies have suggested that risk
of mortality in COVID-19 can be up to 50% higher in patients with
diabetes,? and a recent review has suggested that obese patients
are at high risk of mortality from COVID-19. Hyperglycaemia and a
known history of diabetes were independent predictors of death in
a large cohort of patients with SARS-COV,’ further suggesting that
diabetes could be of significance in the disease course of COVID-19.
A recent meta-analysis also showed that diabetes is associated with
mortality, severe COVID-19 acute respiratory distress syndrome
(ARDS) and disease progression.*

Bornstein et al. recently published a consensus statement on the
management of diabetes with COVID-19 and suggested that there
could be an increase in Diabetic Ketoacidosis (DKA) in type 1 diabetes
(T1DM) and type 2 diabetes (T2DM) on sodium glucose cotransporter
inhibitors (SGLT2). They also report that there is an increased frequency
DKA presentations, which might partly be due to delayed presentation.’
Diabetes UK have also recently published guidelines on the manage-
ment of both hyperglycaemia and DKA that include advice to stop met-
formin and SGLT2 inhibitors for all suspected COVID-19 with diabetes.®

Diabetic emergencies most associated with infection are DKA
and Hyperglycaemic Hyperosmolar State (HHS).>” A recent study
from China has shown that COVID-19 does cause ketosis and ke-
toacidosis requiring prolonged hospital admission. Interestingly ke-
tosis was present in both patients with and without diabetes, and
the reported data does not distinguish between Type 1 and Type
2 diabetes.’* The CORONADO study, investigating the phenotypic
characteristics and prognosis of diabetes patients with COVID-19,
suggested that younger, type 1 diabetes patients have a lower risk of
severe COVID-19 prognosis.8

There is little evidence available regarding the management
of patients with diabetes who are also suffering from COVID-19.
Uncontrolled hyperglycaemia and diabetes, of either type, were recog-
nized as significant risk factors for both severity and mortality for dif-
ferent viruses, including other novel coronaviruses akin to COVID-19.7

Our aim was to report on the incidence, clinical course and out-
comes from our cohort of patients who are being hospitalized for
COVID-19 and a diabetic emergency.

2 | METHODS

We conducted a retrospective case analysis of patients with dia-
betes admitted to the medical wards of North Middlesex Hospital,

London, during the COVID-19 pandemic between 15 March and
15 April 2020. The inclusion criteria were: (1) positive swab test-
ing for COVID-19, (2) admission due to a diabetic emergency. We
recorded details regarding the length of hospital stay, features of
the metabolic emergency, time until resolution, treatment pathways
utilized, clinical course of the patient, clinical outcome at 7 days post
admission. Data for the study were extracted from routine hospi-
tal records. Notes were manually reviewed for results as well as for
follow-up information. The study was part of a departmental audit,
evaluating treatment pathways for patients with diabetic emergen-
cies during the pandemic, and has been approved by the Ethics
Department of our Hospital.

2.1 | Diagnosis of COVID-19

Primarily patients with clinical features matching the UK govern-
ment case definition for COVID-19,'° or patients who had biochemi-
cal/radiological features of COVID-19 received one COVID-19 PCR
swab at the time of admission. During the time of this study, our local
policy was not to re-swab patients if the PCR swab result was nega-
tive, despite a high clinical suspicion. Clinical suspicion was based on
symptomatic, biochemical or radiological evidence consistent with
COVID-19.

2.2 | Diagnostic criteria for diabetic emergencies
DKA: all of! blood glucose concentration >11mmol/I or known to
have diabetes,? blood ketones >3.0 mmol/I,% venous pH <7.3 and/or
bicarbonate concentration <15mmol/I*

HHS: clinically hypovolaemic with markedly raised blood glu-
cose concentration (>30 mmol/l), without hyperketonaemia (ke-
tones <3 mmol/l) or acidosis (pH >7.3) with raised osmolality (>
320 mosmol/kg)?

Mixed DKA/HHS: clinical overlap state where features are pres-

ent from the above clinical syndromes.

2.3 | Control group

We also had a group of patients who underwent treatment for
a diabetic emergency without being investigated or treated for
COVID-19. These patients were used as comparators to investigate

significant metabolic differences.

2.4 | Statistical analysis

Data were stored on a custom, anonymized Microsoft Excel 2010
(Microsoft, Richmond VA) database. Statistical analysis was done
using Statistical Package for Social Sciences version 25.0 (SPSS).
Qualitative characteristics were presented as mean values +standard
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deviation while quantitative characteristics were presented as per-
centages (%). Differences between groups were evaluated using in-
dependent student t-test. Statistical significance was set at the level
of p-value <0.05. We have split the patients into RT-PCR swab posi-
tive and RT-PCR swab negative but treated with a high clinical sus-
picion. Kaplan-Meier survival graph was calculated based on length

of stay in days for the three patient groups with death as the event.

3 | RESULTS

Thirty patients are included in this retrospective analysis, with
their demographics demonstrated in Table 1. Twenty-one (70%)
of these patients received treatment for both COVID-19 and a
diabetic emergency during their admission. Two patients with
COVID-19 needed an ICU (intensive care unit) admission, one
of whom died. This mortality was also COVID-19 RT-PCR swab
positive.

Fourteen of 30 included patients were RT-PCR-positive patients.
79% (n = 2) had type 2 diabetes. 86% (n = 12) of RT-PCR-positive
patients were males and 14% (n = 2) females with average age of
51.47 + 17.30 years. Five patients presented with DKA, one with
HHS, three with a mixed DKA/HHS picture and five with hypergly-
caemic ketosis. In terms of ethnicity, there were patients who were
African (n = 5), White British (n = 1), Caucasian and Asian (including
Eastern and Southern Asia) (n = 6). 47% of RT-PCR-positive patients
were discharged home within 7 days.

Seven patients were RT-PCR negative but treated for COVID-19
due to high degree of clinical suspicion. The average age was
47.33 + 20.46 years, with five males and two females. 43% of these
patients had type 1 diabetes. One patient had DKA, two had HHS, two
had a mixed picture with one patient having hyperglycaemic ketosis.
67% of patients had been successfully discharged home within 7 days.

For the patients who were not treated for COVID-19 (n = 9), all
patients had DKA despite the fact that 33% had type 2 diabetes.
There were four males and five females. 67% (n=6) of these patients
were insulin treated, and 100% were discharged home within 7 days
of admission.

Table 2 demonstrates the admission gas results, blood tests
and glycosylated haemoglobin (HbAlc) as well as selected
COVID-19 markers. Broadly routine admission blood tests were sim-
ilar when averaged and compared between the three groups. There
was a non-significant rise in white cell count going from the RT-PCR
patients to non-COVID-19 patients. No significant lymphopaenia
was observed between any of the three groups.

Admission pH was not significantly different between RT-PCR
positive and negative patients (p = .533); however, there was a sig-
nificant difference between RT-PCR-positive COVID-19 patients
and our non-COVID-19 patients (p = .028). There was a significant
difference between RT-PCR-positive COVID-19 patients and non-
COVID-19 patients with regard to HCO3 (p = .04). There was a sig-
nificant difference in the C-reactive protein (p=0.026) and glucose
(p = .045) between RT-PCR positive and negative patients.
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Kaplan-Meier survival curves were drawn for the groups, com-
paring all-cause mortality. This is shown in Figure 1. It demon-
strates that the cumulative survival time drops if being treated for
COVID-19, and more so if treated for COVID yet RT-PCR negative.

4 | DISCUSSION

This is the first single-centre report on COVID-19-related dia-
betic emergencies. Some of the data in this study were part of
the three-centre study which was published in Lancet Diabetes
and Endocrinology recently.® We have observed that these pa-
tients are profoundly unwell from their diabetic emergencies, with
COVID-19 swab-negative patients seemingly having greater meta-
bolic disturbance. This could be related to the levels of viraemia;
however, this analysis did not have access to any investigations that
can accurately quantify this. During their admission, all patients re-
ceived fluid and insulin therapy as per the DKA or HHS protocols for
the trust, with no deviation in patients who also received treatment
for COVID-19.

Most of the results did not achieve statistical significance due to
the relatively low number of subjects in each arm. Of interest in this
study is that the high percentage of people of African and Asian eth-
nicity who presented with diabetic emergencies, especially ketosis/
ketoacidosis. The other interesting observation is the length of time
required for ketone resolution was 43 hours for COVID-19 positive
cases as opposed to 23-27 h for COVID-19-negative patients, even
though this was statistically not significant.

The Kaplan-Meier curve (Figure 1) demonstrated a clear dif-
ference in mortality between COVID-19 patients and the non-
COVID-19 cohort. Interestingly, the RT-PCR-positive group had the
worst outcomes which correlates to the greater metabolic dysfunc-
tion observed. Although given that these Kaplan-Meier curves were
only drawn for 7 days following diagnosis as patients were lost to
follow up, it is difficult to ascertain any further effect on the pa-
tients. This perceived difference between RT-PCR-positive and
-negative patients may also be due to the efficacy of the swab result
itself as some were treated on clinical grounds for COVID-19. Larger
studies would be able to address this issue.

The very high admission HbA1c in all groups suggest poor con-
trol in all arms. This points to the importance of good glycaemic con-
trol to prevent mortality and morbidity. North Middlesex Hospital
serves two of the very deprived boroughs of London and the high
HbA1c observed in this study reflects the need for better detection,
education, awareness and the need for more resource allocation for
effective glycaemic control in the population served.

In our cohort, we had one patient newly diagnosed with diabe-
tes. Newly diagnosed diabetes with COVID-19 infection is a topic of
increasing interest. A recent review by Sathish et al. demonstrated
a pooled proportion of 14.4% in a multinational cohort of 3700
patients.14 This could further deepen the impact of COVID-19 on
public health infrastructure as diabetes already has a significant eco-
nomic burden.*
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TABLE 1 Baseline Demographics of all patients that were management for both a diabetic emergency and COVID-19, including

destination at 7 days

COVID-19 Swab Positive

(n=14)
Age (years), mean + SD 51.21 + 1792
Gender, n (%)
Male 12 (85.7)
Female 2(14.3)
Ethnicity, n (%)
African 4 (28.6)
Asian 4 (28.6)
White British 1(7.1)
Caucasian 3(21.4)
Mixed 1(7.1)
Unknown 1(7.1)
Diabetes Diagnosis, n (%)
Type 1 1(7.1)
Type 2 12 (78.6)
New Diagnosis 1(7.1)
Diabetes Emergency, n (%)
DKA 5(35.7)
HHS 1(7.1)
Mixed DKA/HHS 3(21.4)
Hyperglycaemic Ketosis 5(35.7)
Redeveloped Emergency 0(0.0)
Pre-Admission Medication, n (%)
Metformin 8(57.1)
DDP4 inhibitors 1(7.1)
Insulin 7 (50.0)
Other hypoglycaemics 4 (28.6)
No prior medication/Diet 4 (28.6)
controlled
ICU Admissions, n (%) 2(14.3)
Destination at 7 days, n (%)
Discharged 5(35.7)
Ward 7 (50.0)
ICU 1(7.1)
Died 1(7.1)

COVID-19 Swab Negative, High
Clinical Suspicion of COVID-19

(n=7) Non-COVID-19 patients (n = 9)
47.33 + 20.46 42.00 + 18.83
5(71.4) 4(44.4)
2 (28.6) 5 (55.6)
4(57.1) 2(22.2)
1(14.2) 0(0.0)
1(14.2) 4(44.4)
1(14.2) 3(33.3)
0(0.0) 0(0.0)
0(0.0) 0(0.0)
3(42.9) 5 (55.6)
4(57.1) 4 (44.4)
0(0.0)

1(14.2) 9 (100.0)
2 (28.6) 0(0.0)
1(14.2) 0(0.0)
1(14.2) 0(0.0)
0(0.0) 0(0.0)
5(71.4) 3(33.3)
1(14.2) 1(11.1)
3(42.9) 6(66.7)
2 (28.6) 1(11.1)
1(14.2) 0(0.0)
1(14.2) 2(22.2)
6(85.7) 9 (100.0)
0(0.0) 0(0.0)
0(0.0) 0(0.0)
1(14.2) 0(0.0)

Abbreviations: DKA, diabetic ketoacidosis; HHS, Hyperosmolar Hyperglycaemic State; Other oral hypoglycaemics include sulfonylureas, glucagon-

like peptide 1 agonists; ICU, Intensive Care Unit.

Another interesting observation is the high serum creatinine and
corresponding low eGFR in clinically COVID-19 subjects (PCR posi-
tive and negative) as opposed to COVID-19-negative patients. This
correlates with the observation that acute kidney injury (AKI) is more
often observed in this cohort.!® There was no difference in liver func-
tion tests unlike previous published trials.’® C-reactive protein (CRP)
was elevated in RT-PCR-positive patients as opposed to the other
groups, though again not statistically significant.

Our choice of COVID-19 markers included ferritin, lactate de-
hydrogenase, CRP and lymphocytes as indicators of COVID-19
disease severity. This was based on a retrospective study from
Wuhan, the region of China first affected by COVID-19. Our
patients show elevated levels of these markers, with marginally
reduced lymphocyte count, suggesting that there is severe meta-
bolic derangement—however, whether this is due to COVID-19,
the diabetic emergency or a combination is yet to be determined.



"sjualied 4T-QIAOD-UOU pue sjualjed aAnesau-YOd-1Y 6T-AINOD
U9aM1aq ddUdIBYIp—,d isjusnjed 4T-QIAOD-UOU pue 9AlIsod-¥Dd-1Y 6T-AIAOD U99m3aq 2duaiajiip—,d isjuaijed aAesau-ydd-1Y 6T-AIAOD PUe 9ARIsod-¥Dd-1¥ 6T-AIAOD U9amiaq aoualiapjip—.d
JUNOD [|92 3}YM ‘DM DWI] UIquoaylold ‘| d 011y pazijewoN |euoijeutaiul ‘YN| :91eJ uoljesl|l) Jejniawo|3 pajewi}ss ‘Y499 ‘u1ajoad aAl3oeal-)

50f7

m ‘d¥D ‘9seury| aueald YD awiy unsejdoquiodyy [eijaed pajeAllde ‘| | 4V ‘9seulwesueld] suluely ‘1Y oseieydsoyd auljed|v ‘d1V :Suoljeinaiqqy juedijiudis Aj[esiisijels ag o} punoj a1am p|oq ul sanjea ay |
m 168 8z8’ €18’ 8e'T¥CTE 07’0 ¥80°€ 819 F0L€ aeyde

W S6T ov0 90§ 989 F €6 €L8FECET Ov'L ¥ 6LST -€0DH
ol o €9T 820’ €es’ 8T°0F 90 TT0F8TL LTOFYTL Hd
m m sed poo|g
M & osT TLS G6€ 62°€F00TE 9Tv ¥ €€8'/T 68'7C ¥ 00'LE 11dv
S| &Y aad LEY 89°0F LT'TT T60F 8Y'TT 26T F /8T 1d
Iw.m STY 1T eV LO0F LOT 600 FOT'T 8CCF /8T UNI
m m 9/'S£0Z ¥ 05°€€0C (/n) >
.m m VLT 90T veL €T°09 F £9°SCT 2597 F 198 ¥2'CEF€CT'T6 (/n) dv
wesl /gor 1% sy €0'9T ¥ 05°ST /8'TT ¥58'8C 96'67 F 00'€ (I/m) 17V

TeL %05 12L 9% F00L 09°€ F V9 €€ ¥68'S (4311/310w0ud1W) uIqnu|Ig
- 69791 F €€ VIV TELTTF 09'T6E (1/n) Ha1
= 8T'CEY ¥ L9126 64'STOT ¥ TZET (lw/Su) uniiay

S8y 65" 920’ 16'€2T F OV'LS SEPT F€8°9C £0'89 ¥ 2€'88 (1/3w) 44D

680’ 08S° vzT STlTFeTeL 8€'9T ¥ 98'TH 60'0€ F L9°€S REE

£v0’ vse 956 6225 ¥ 19221 9687 FTL6LT 0£'98T F ££°€8T (94311/s9]0WoDIW) duluIEID

656 8SL 969 9T'ET F9T'ST vL'9F [¥'ST ELTTFIVET (I/10ww) eain

€59’ €16’ 109’ GETFTTS ETTF1IGS 78'0F8C'S (I/1oww) wnissejod

9T €8T 62T L06 FITVET €€'8 F £'6GT 80°€T ¥ 80'THT (I/1oww) wnipos

606° €56 ¥18° S60F 92T LL°0F2ET GS0FSTT (1/,0TX) s33A20ydwA]

06L L 0S6° €5°€0T F ¥1'96C ¥8'9/ F TL'€8¢ 6€'76 F 80'18¢ (1/,01%) s12193e1d

8ze 343 158 1€V F¥SCT 9Tv ¥ LE0T 9%'€ ¥ 9001 (1/,01X) DOM

08S" €0L YAYA TV6E F L9VET SP'8T F 98°EVT €9'7C F T66ET (1/8) uigojSowseH
A_OF_\_OEEV

€68’ (o] ¥4 1T 0L'STFEE€EL 9/'6€ ¥ 09°0L 8T'TE ¥ 8E'66 OTV(H uolssiuipe-aid
A_OF_

£8€ v€8" yAYA G6'9% F G 60T LTTTFE8T6 G8'Cy F 0€'STT /loww) OTYqH UoIssiwpy
C)

veL 8LE eTy 09'0Z ¥ v¥'8¢ 18'GT+0L'S¢ 107y FOT'EY UOI3N|0S3J U0} J0J S|

eve6 ST 40 66'07F L9 1STF9°S €S TF vy (I/10wiw) sau032y WNIas
“1/10ww)

. T €LS (7] LY'TT F$E°9C 6V’ IT ¥ 62°€E 8€'8F98'€C 9500N|8 Poo|q UOISSIWPY
m - qd od (6 = u) 6T-AIAOD jo uoiidsng (£ =) 6T-AINOD Jo uopidsns (T = U) dARISOd dems 6T-AIAOD @S F ueaw }nsau3sa} pooig
I [ealul|D moT ‘aAeSaN gqems 6T-AaIAOD [ealul]D YsiH ‘aAnesaN qems 6T-AdIAOD
w
m s1aylew 4T-AIAOD 2WoOos 3ulpn|dul S3NsaJ 359} poo|g uoissiwpy z 379V.L




Endocrinology, Diabetes

60of7 W

JOSEPH ET AL.

ILEY-& Metabolism I

Kaplan-Meier Cumulative Survival (Event=Death)
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Similarly, the COVID-19 markers used at our centre are non-specific
and can be elevated purely from a diabetic emergency point of
view. Unfortunately, during this period, the investigation of possi-
ble COVID-19 with certain biomarkers was not within an established
protocol meaning that some patients did not have all investigations
performed.

4.1 | Limitations

Our study was small (n = 30) which makes statistical analyses dif-
ficult and can lead to false significance. However, the findings of our
retrospective analysis are corroborated by both Bornstein et al.” and
the Diabetes UK guidelines® whose recommendations are in line
with our findings.

One other key factor of our analysis revolves around the
COVID-19 RT-PCR swab status. Twenty-one patients were treated
for COVID-19 and a diabetic emergency during their admission
regardless of swab status. Issues regarding the reliability of the
COVID-19 swabs are known, with high proportion of false negatives
and need for interpreting results with caution.'®'” However, the
only way to date to successfully test for COVID-19 is by RT-PCR
of nasal swab, tracheal aspirate or bronchoalveolar lavage sam-
ples.20 There are many barriers to the rapid roll out of serological
tests including assessment of sensitivity and specificity of the tests,
possibility of false-positive tests due to cross-reactivity with other
viral pathogens and ensuring that mass production of the test is
economically viable.?! Another key limitation of this report is that
this is a retrospective analysis of routinely collected data, meaning
that there are some gaps in investigations. These primarily included
lactate dehydrogenase, ferritin and aspartate transaminase in the

I I I I I I
.00 5.00 10.00 15.00 20.00 25.00 30.00

FIGURE 1 Kaplan-Meier survival
curves between RT-PCR-positive, RT-
PCR-negative and non-COVID-19 patients
during their admission
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e ®Non Covid
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I~ Non Covid-censored

non-COVID-19 patients and some of the patients treated during the
COVID-19 pandemic.

4.2 | Conclusion

We present a single-centre observational analysis of COVID-19 pa-
tients who suffered from a diabetic emergency, in comparison to
non-COVID-19 patients. Some significant differences were found;
however, further investigations are needed into the relationship
of COVID-19 and their impact on diabetic control and the risk of
diabetic emergencies. A significant difference in mortality was ob-
served. Prospectively collected data with a larger patient base, in-
cluding data on COVID-19 markers, could help shed further light on
the management of inpatient diabetics with COVID-19.
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