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I N T RO DU CT I O N

sensitivity and specificity compared with the gold standard threshold
of 600 pmol/L considered to indicate insulin deficiency.8 It remains to

1

(including

be determined whether there is evidence for deficient insulin secre-

autoantibody-negative type 1 diabetes2) have been reported in

tion, consistent with beta cell destruction, in survivors of COVID-19.

Hyperglycaemia

and

new

diagnoses

of

diabetes
1

patients with coronavirus disease 2019 (COVID-19). Moreover, 77%

Therefore, we assessed rCP in patients at least 3 months after

of patients with COVID-19 and ketoacidosis (a condition typically

COVID-19 infection to assess longer term beta cell secretory

associated with type 1 diabetes or pancreatic destruction) had type

capacity.

2 diabetes.3 The receptor necessary for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) cellular entry, ACE2, and its permissive

protein,

TMPRSS2,

are

present

in

the

pancreatic

2

|

METHODS

microvasculature4 and, at postmortem, SARS-CoV-2 viral RNA has
been detected in pancreatic beta cells.5 In islets infected with SARS-

Ethical approval was provided by the London Bridge Research Ethics

CoV-2, in vitro insulin secretion, particularly glucose-stimulated insulin

Committee (REC ref. 20/HRA/4110). This study was registered with

secretion, is attenuated.6 Given this, it has been speculated that insu-

the international standard randomised controlled trial number

lin secretory capacity may be curtailed by direct cytopathic action of

(ISRCTN) registry (ISRCTN15615697) and performed in accordance

SARS-CoV-2 on beta cells. However, it is unknown whether such

with the Declaration of Helsinki. All participants provided written

changes are of clinical relevance in survivors of COVID-19.

informed consent prior to inclusion.

Random non-fasting C-peptide (rCP) levels correlate with stimu7

lated C-peptide levels derived during mixed meal tests, and have high

The study protocol has previously been described.9 Participants
were survivors of COVID-19 aged 18 years or older diagnosed with
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COVID-19 who attended Imperial College London NHS Healthcare

3

RE SU LT S

|

Trust during March-November 2020, or who had responded to
adverts placed on social media asking for patients who had tested

3.1

|

Baseline characteristics

positive for COVID-19 and then attended at least 3 months following
diagnosis with COVID-19. Diagnosis of COVID-19 was confirmed

In total, 55 participants attended for assessment at a median of

using either real-time RT-PCR testing of a nasopharyngeal swab, con-

233 days post–COVID-19 infection. Of these, 15 (27.8%) had

firmatory imaging (chest radiograph or CT scan), or a positive serum

pre-existing type 2 diabetes; none had type 1 diabetes. No partici-

SARS-CoV-2 IgG antibody test after symptom onset. Exclusion criteria

pants received a new diagnosis of type 2 diabetes following COVID-

included those prescribed steroids following recovery from COVID-

19 infection (Table 1). All participants with pre-existing diabetes were

19, and those taking other medications known to affect cortisol-

on metformin but none were treated with insulin.

binding globulin (including the combined oral contraceptive pill, and
hormone replacement therapy). Similarly, patients with underlying
health conditions or states known to influence cortisol-binding globulin (including pregnancy, end-stage renal failure, or underlying malig-

3.2 | C-peptide is preserved at follow-up at
≥3 months following presentation with COVID-19

nancy) were also excluded.
Severity of COVID-19 was determined according to World

At the study visit appointment, which took place at least 3 months

Health Organization (WHO) classification.10 Serum glucose and insu-

after initial presentation with COVID-19, median (IQR) C-peptide was

lin were measured using an Abbott Alinity ci-series analyser. The

1319 (849, 1905) pmol/L and no patients had undetectable C-peptide

lower limits of detection were as follows: insulin 2.9 pmol/L, glucose

levels (<3.3 pmol/L). Of the study cohort, 14.8% (n = 8) had C-peptide

0.03 mmol/L. The inter-assay coefficients of variation were: insulin

levels of less than 600 pmol/L with normoglycaemic contemporane-

2.1%, glucose 1%. The intra-assay coefficients of variation were:

ous glucose concentrations of 4.7-5.7 mmol/L, none of whom had

insulin 2.2%, glucose 1.2%. Serum C-peptide was measured using an

known diabetes (Figure 1A).

Abbott Architect analyser. The lower limit of detection was
3.3 pmol/L, the inter-assay coefficient of variation was 4.0%, and the
intra-assay coefficient of variation was 2.8%. Serum fructosamine

3.3

|

C-peptide levels and pre-existing diabetes

was measured using the Roche Cobas kit on the Abbott Architect
platform (colorimetric method); the intra-assay coefficient of varia-

C-peptide values at follow-up at least 3 months after initial presenta-

tion was less than 0.5% at 299 and 256 μmol/L. The reference range

tion with COVID-19 compared with those without (median [IQR] C-

was 205-500 μmol/L.

peptide [pmol/L]: pre-existing diabetes 1550 [1285, 2638], no diabe-

Serum antibodies to SARS-CoV-2 N protein (IgG) were measured

tes 1239 [675, 1622], P = .008) (Figure 1B). There was no relationship

using Abbott Architect assay. For those with an indeterminate result,

between C-peptide and pre–COVID-19 HbA1c levels for those for

additional testing for antibodies to SARS-CoV-2 spike protein (RBD)

whom data were available (n = 12) (P = .81), or with convalescent

(IgG) was performed using Imperial Hybrid DABA.11

fructosamine levels (P = .85) (Figure S1B).

Study visits commenced 8:00

AM-9:30 AM

and were non-fasted.

Serum samples were taken for measurement of insulin, glucose, and
C-peptide levels. Fifty-four of 55 patients (98%) had complete insulin,
C-peptide, and glucose measurements (one participant had missing

3.4 | C-peptide and COVID-19 disease severity
and management

data for C-peptide levels and was excluded from further analysis).
Statistical analysis was performed using GraphPad Prism version

C-peptide levels were higher in those who had severe or critical

9.0 (GraphPad Software, San Diego, CA). Distribution of data was

disease compared with those with mild disease (median [IQR] C-

assessed by D'Agostino and Pearson normality tests. Data were pres-

peptide mild: 762 [510, 1289] pmol/L, severe/critical: 1538

ented as mean ± standard deviation (SD) if parametrically distributed,

[1143, 2906] pmol/L, P = .004) (Figure 1C). These data remained

or median with interquartile range (IQR) if not. Student's t-test, or

similar when those with diabetes were excluded (median [IQR] C-

one-way analysis of variation (ANOVA), was used to compare two or

peptide mild: 675 [503, 1152] pmol/L, severe/critical: 1510

more groups respectively, of parametrically distributed data. Mann–

[1007, 2906] pmol/L). There was no correlation between C-

Whitney U test, or Kruskal–Wallis test with post hoc Dunn's test, was

peptide and either peak CRP or procalcitonin levels during acute

used to compare two or more groups respectively, of non-

admission with COVID-19 infection for those for whom data were

parametrically distributed data. Multivariable linear regression was

available (n = 25). Similarly, C-peptide levels were not related to

used to assess the ability of selected variables to predict C-peptide,

admission glucose level for those for whom data were avail-

including age, sex, ethnicity, pre-existing diabetes, body mass index

able (n = 26).

(BMI) and severity of COVID-19 disease, according to the WHO
severity index.

The majority (n = 33, 61.1%) did not receive steroid treatment
for acute COVID-19. However, there was no relationship between
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T A B L E 1 Baseline characteristics of patients attending ≥3 months
following presentation with COVID-19

TABLE 1

(Continued)
Total cohort

Total cohort

Participant characteristics

(n = 55)

Diabetes treatment:

(n = 55)

Participant characteristics
Age (y)

54.5 (12.8)

Metformin

Sex:
Male

35 (63.6%)

Female

20 (36.4%)

Sulphonylurea

1 (6.3%)

DPP4 inhibitor

3 (18.8%)

GLP-1 agonist

Ethnicity:

Duration of admission (d)

Asian

16 (29.1%)

Black

4 (7.3%)

Mixed

2 (3.6%)

Other—not stated

10 (18.2%)

White

23 (41.8%)

Co-morbidities:
Hypertension

18 (32.7%)

Cardiovascular disease

6 (10.9%)

Diabetes
Type 1

0 (0.0%)

Type 2

15 (27.3%)

Unspecified

16 (100%)

Time since presentation (d)

1 (6.3%)
5 (0, 8)
233 (99.8, 283)

Note: Data are means (SD) for continuous variables parametrically
distributed and medians (lower quartile, upper quartile) for continuous
non-parametrically distributed variables. For categorical data, numbers
of patients (percentages) are presented. Disease severity was
determined by the World Health Organization severity index. For
further details, please see the supporting information (supplementary
methods).
Abbreviations: BMI, body mass index; Conv. plasma, convalescent plasma;
DPP4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; ITU,
intensive therapy unit; NA, not applicable; NIV, non-invasive ventilation;
other, additional treatments include anakinra (an interleukin-1 receptor
antagonist), Kaletra (lopinavir/ritonavir), and namilumab.

1 (1.8%)
2

C-peptide levels and cumulative dexamethasone dose (P = .32)

Obesity (BMI > 30 kg/m )
Yes

17 (30.9%)

(Figure 1D). When ethnicity, sex, age, disease severity, BMI, and

No

33 (60%)

pre-existing diabetes were assessed using multivariable linear

5 (9.1%)

regression, only a history of diabetes predicted C-peptide at

Unknown

follow-up (P = .001). The proportion of participants with diabetes

Smoking status:
Current smoker

2 (3.6%)

Ex-smoker

2 (3.6%)

Never smoked
Unknown

was not different between those with mild, moderate, or severe/
critical disease (P = .20).

50 (90.9%)
1 (1.8%)

4

|

DI SCU SSION

Disease outcome:
Hospitalized

41 (74.5%)

Hyperglycaemia in patients with COVID-19 is associated with

NIV

2 (3.6%)

increased mortality rates,12 and results from both impaired insulin

ITU admission

4 (7.3%)

secretion and increased peripheral insulin resistance.13 However, the

14 (25.5%)

extent to which these causes of dysglycaemia persist beyond acute

Non-hospitalized

infection is unclear.

Disease severity:
Mild

12 (21.8%)

Both critical14 and viral illnesses increase peripheral insulin resis-

Moderate

21 (38.1%)

tance, particularly in people with pre-existing metabolic disorders.6

Severe

17 (30.9%)

Furthermore, the viruses themselves may contribute to beta cell

Critical

5 (9.1%)

Dexamethasone treatment

20 (36.4%)

Cumulative dose dexamethasone treatment (mg)

0.0 (0.0, 36.0)

Additional treatments:

destruction and dysfunction,15 with cytomegalovirus,16 Epstein–Barr
virus,17 rotavirus,18 rubella virus, and enterioviruses (including coxsackievirus B) all being associated with pancreatic beta cell apoptosis
and subsequent type 1 diabetes.15 Similarly, SARS-CoV-2 induces
pancreatic islet cell apoptosis,19 and thus has the potential to result in

Remdesivir

13 (23.6%)

Tocilizumab

1 (1.8%)

Conv. plasma

0 (0.0%)

In this analysis of 54 survivors of COVID-19, all participants

(5.5%)

(including those with pre-existing type 2 diabetes) had detectable C-

Other

beta cell destruction and resultant insulinopaenia. These data assess
the clinical relevance of such findings.

peptide levels.
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Although C-peptide levels were not associated with peak pro-

syndrome, the predominant cause of hyperglycaemia observed in

calcitonin or CRP levels, C-peptide values were greater in participants

patients with acute COVID-19 results from insulin resistance.21 Fur-

with severe or critical disease compared with those with mild disease.

thermore, patients with COVID-19 have been observed to have

Similar to data from national cohorts,20 BMI was also greater in those

reduced adiponectin levels, consistent with adipose tissue dysfunction,

who had had critical disease compared with those with mild disease

providing a potential mechanism for the insulin resistance observed.21

(Figure S1), which may explain this observation.

Taken together, given the deleterious impact of hyperglycaemia on out-

Although not all the participants received steroid treatment, C-

comes in patients with COVID-19,22 agents that improve insulin resis-

peptide levels at follow-up were not different in those who had

tance, such as metformin or thiazolidinediones, could have clinical

received dexamethasone. While the use of steroids probably con-

utility, and hold potential as a focus for future research.

tributes to insulin resistance during acute COVID-19, it does not

This post hoc analysis of data prospectively collected from survi-

appear to have a deleterious legacy effect on insulin secretion at

vors of COVID-19 is limited in that participants were not fasted.

follow-up.

However non-fasted C-peptide is reflective of stimulated C-peptide

Finally, while critical and viral illness-induced insulin resistance14

levels in other clinical settings, and can provide a measure of pancre-

probably explains a large proportion of the dysglycaemia observed,

atic islet cell insulin secretory capacity. While the study cohort is

given that C-peptide levels were preserved at follow-up, these data

small, and subject to survivor bias, and therefore must be interpreted

suggest that any insulinopaenia during acute COVID-19 is not apparent

with caution, it offers initial insights into COVID-19–related hyper-

at 3 months or more after presentation. These data are consistent with

glycaemia, and some reassurance that while dysglycaemia may perse-

findings from other studies where it has been shown that, while a

vere post initial infection, islet cell insulin secretory capacity is not

minority of patients with acute COVID-19 display characteristics of

permanently impacted. Further research into the underlying patho-

beta cell failure, in contrast to other causes of acute respiratory distress

physiology of hyperglycaemia in patients with COVID-19 is underway;

(B) 8000
C-peptide (pmol/L)

C-peptide (pmol/L)

(A) 8000
6000
4000
2000
600 pmol/L

0

P = .008
6000
4000
2000
0
Diabetes

(C)

(D)
8000
6000
4000
2000

P = .32

8000

P = .004
C-peptide (pmol/L)

C-peptide (pmol/L)

No diabetes

6000
4000
2000
0

0
Mild

Moderate Severe/critical

WHO disease severity

0

6-24

30-48

54

Cumulative dexamethasone dose (mg)

F I G U R E 1 A, Individual random C-peptide levels (pmol/L) are presented. A value of 600 pmol/L (correlates with insulinopaenia) is shown.
B, Random C-peptide levels (pmol/L) in patients with pre-existing diabetes and no pre-existing diabetes are presented. Median (IQR) C peptide
(pmol/L): pre-existing diabetes 1550 (1285, 2638), no diabetes 1239 (675, 1622), P = .008. C, Random C-peptide levels (pmol/L) are presented
according to World Health Organization (WHO) disease severity (mild: N = 12, moderate: N = 20, severe/critical: N = 22). Median (IQR) Cpeptide mild: 762 (510, 1289) pmol/L, severe/critical: 1538 (1143, 2906) pmol/L, P = .004. D, Random C-peptide levels (pmol/L) are presented
according to cumulative dose of dexamethasone received (0 mg: N = 34, 6-24 mg: N = 6, 30-48 mg: N = 8, ≥54 mg: N = 6), P = .32. Median
(IQR) C-peptide mild: 762 (510, 1289) pmol/L, severe/critical: 1538 (1143, 2906) pmol/L, P = .004. ** denotes P ≤ 0.01
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however, we provide important data to aid clinicians managing survivors of COVID-19.
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