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ARTICLE INFO ABSTRACT

Keywords: Background: Recent literature suggests a bi-directional relationship between COVID-19 infection and diabetes

Ketosis prone diabetes (KPD) mellitus, with an increasing number of previously normoglycemic adults with COVID-19 being admitted with

E‘abetfz ketoacidosis (DKA) new-onset diabetic ketoacidosis (DKA). However, the possibility of COVID-19 being a potential trigger for A-p +
-peptide

ketosis-prone diabetes (KPD) in these patients needs elucidation. Our study aimed at analyzing such a cohort of
patients and determining their natural course of p-cell recovery on serial follow-up.

Methods: After initial screening, n = 42 previously non-diabetic patients with new-onset DKA and RT-PCR
positive COVID-19, were included in our ten-month follow-up study. Of these, n = 22 were negative (sus-
pected A-f + KPD) and n = 20 were positive (Type 1A DM) for autoantibodies (GAD/IA-2/ZnT8). Subsequently,
n = 19 suspected KPD and n = 18 Type 1A DM patients were followed-up over ten months with serial assess-
ments of clinical, biochemical and p-cell secretion. Amongst the former, n = 15 (79%) patients achieved insulin
independence, while n = 4 (21%) continued to require insulin at ten-months follow-up.

Results: On comparison, the suspected KPD patients showed significantly greater BMI, age, Hbalc, IL-6 and worse
DKA parameters at presentation. Serial C-peptide estimations demonstrated significant f-cell recovery in KPD
group, with complete recovery seen in the 15 patients who became insulin independent on follow-up. Younger
age, lower BMI, initial severity of DKA and inflammation (IL-6 levels), along-with reduced 25-hydroxy-Vitamin-D
levels were associated with poorer recovery of p-cell secretion at ten-month follow-up amongst the KPD patients,
Conclusions: This is the first prospective study to demonstrate progressive recovery of f-cell secretion in new-
onset A-f + KPD provoked by COVID-19 infection in Indian adults, with a distinctly different profile from
Type 1A DM. Given their significant potential for p-cell recovery, meticulous follow-up involving C-peptide
estimations can help guide treatment and avoid injudicious use of insulin.

COVID-19 infection

1. Introduction India has one of the world's largest populations of patients with
diabetes, the latter being now seen as a risk factor for developing worse
The novel SARS COV-2 virus in India, at the time of writing this outcomes amongst those infected with the SARS CoV-2 virus, with the

article had nearly 9.5 million infected cases, with more than 140,000 degree of hyperglycemia, older age, male sex, and comorbidities like
deaths,’ resulting in an unparalleled detrimental effect on the socio- hypertension and cardiovascular disease contributing to this increased
economic and healthcare structure of the country. risk.? Simultaneously, complex inflammatory pathways predominate in
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diabetes patients, with dysfunctions in complement activation, T-cell
proliferation and monocyte/macrophage system, potentiating increased
susceptibility to cytokine storm.> Further, alterations in ACE-2 receptor
expression may contribute to the increase in worse outcomes seen in
diabetes patients with COVID infection.” In a study done on 1590
COVID-19 patients in China, the prevalence of diabetes was almost 35%
in those with severe COVID-19 infection, much higher than that of the
general population.” In another retrospective study in China, amongst
COVID positive patients, the mortality rate amongst those with diabetes
was significantly higher than that amongst the non-diabetic group
(16.5% vs 0%).°

One of the key attributes of diabetes associated with COVID-19
infection has been the greater predisposition to hyperglycemic crises,
primarily due to a greater release of counter-regulatory hormones, like
glucocorticoids and catecholamines, resulting in exacerbated blood
glucose levels.” Along with this, there are now theories speculating the
probable relationship between COVID-19 infection and new onset dia-
betic ketoacidosis (DKA), with few cases being reported worldwide since
the onset of the pandemic.® It has been postulated that the increased
prevalence of DKA in patients with COVID-19 infection may represent a
direct insult to the B-pancreatic cells, with the SARS-CoV2 virus capable
of binding to the ACE2 receptors on pancreatic islets.” However, the
exact mechanisms of viral infection leading to acute impairment of in-
sulin secretion remain unclear.’

Ketosis prone diabetes (KPD), is a distinct form of diabetes melli-
tus'®!! reported from various parts of the world including South-East
Asia and India.'? Characterized by an acute, transient insulin defi-
ciency, resulting in DKA at onset despite absence of autoantibodies,
these patients tend to show dramatic recovery of the p-cell secretory
dysfunction over time'? and often achieve complete insulin remission,
being subsequently designated as A-p+ KPD (A: autoantibody, f: p-cell).
Recent advances suggest that A-p+ KPD, etiologically and by natural
history, has at least two distinct sub-forms - provoked A-f+ KPD and
unprovoked A-p+ KPD.'® The provoked subtype has a strong etiologic
basis in occult autoimmunity (including cellular autoimmunity),'*!°
whereas the unprovoked variety demonstrates abnormalities in branch
chain amino acid and arginine/citrulline metabolism.'®!” Interestingly,
associations of ‘provoked KPD’ with viral infections, notably HINI
influenza and HHV-8, have been reported.'®!'° With the increasing
number of patients being admitted with new-onset DKA following
COVID-19 infection, we hypothesized that the latter may be potentially
associated with a unique form of provoked A- p+ KPD in previously
normoglycemic individuals. Since there is a paucity of follow-up data on
COVID-19 patients presenting with new-onset DKA, we intended to
document a serial follow-up of p-cell secretion characteristics in them, in
order to substantiate our hypothesis.

The objectives of our study were to evaluate the clinical and
biochemical characteristics of previously normoglycemic, Indian pa-
tients with COVID-19 infection and new-onset DKA, and to determine
the natural course of recovery of p-cell function in them on serial follow-
up over six months.

2. Materials and methods
2.1. Study design

We conducted a prospective cohort study in a tertiary care centre of
Eastern India, over a period of 10-months, including consecutive pa-
tients with DKA, who tested positive for COVID-19 (reverse transcriptase
polymerase chain reaction - RT-PCR), and had no previous history of
diabetes mellitus (DM) or DKA. Only adult patients (>16 years age) with
a definite diagnosis of DKA as per ADA criteria were included.?’ Patients
presenting with DKA, who either tested negative for COVID RT-PCR or
had a history of diabetes or previous DKA, were excluded from the study,
as well as those with concomitant conditions that could result in an
anion gap acidosis or ketosis such as pregnancy, kidney injury, lactic
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acidosis, acute alcohol intoxication or poisoning. Informed consent was
obtained from the patients who were willing to participate in the study.
Ethical clearance was obtained from the institutional ethical committee
reference no HWH/IEC-BMHR/001/2020. We screened a total of n = 86
consecutive patients admitted with DKA and COVID-19 infection during
the study period. Of these, we included only those with new onset DKA,
without pre-existing diabetes (n = 42), for the study, as outlined in
Fig. 1.

Out of the n = 42 COVID-19 patients with new-onset DKA, n = 22
were found to be autoantibody negative (suspected provoked A- p+
KPD) and n = 20 were autoantibody positive (Type 1A DM). Of these, n
= 2 patients from the suspected A- p+ KPD group and n = 1 from the
Type 1A DM group were lost to follow up, and n = 1 patient from each
group expired within initial 72 h of admission. Thus, a total of n = 19
suspected A- f+ KPD and n = 18 Type 1A DM patients were part of the
final analysis.

2.2. Study population

A—p+ KPD, was defined using the Af classification system, as those
patients with new-onset diabetes, presenting with ketosis/ketoacidosis
in the absence of GAD65, IA2 and ZnT8 autoantibodies (A—) with sub-
sequent complete recovery of beta cell functions (B+).°>'® Further,
patients in this group were considered to have ‘provoked’ subtype of
A—p+ KPD because of presence of COVID-19 infection at time of diag-
nosis. According to the same classification, A+f— KPD, or Type 1A
diabetes, included in the study was defined as those with new-onset
diabetes, presenting with ketoacidosis in the presence of GAD65 and
IA2 autoantibodies (A+) with subsequent failure of recovery of beta cell
functions (B-), while remission from insulin dependence was defined as
having an HbAlc < 6.3% (45 mmol/mol) and a fasting plasma glucose
<124 mg/dl, three months after discontinuing all pharmacological
agents.”!

Patients were diagnosed with DKA as per the ADA guidelines —
having the classic triad of uncontrolled hyperglycemia, metabolic
acidosis, and increased total body ketone concentration. They had to
have a blood glucose level > 250 mg/dl, positive urine ketones, arterial
blood gas showing a pH < 7.30, serum bicarbonate < 18 mmol/l and a
positive anion gap (>12 mmol/1).”

COVID-19 infection was confirmed by the gold standard for diag-
nosis, reverse transcriptase polymerase chain reaction (RT-PCR).

2.3. Study measurements

Eligible patients were assessed at admission, including a detailed
medical history, thorough physical examination, baseline anthropo-
metric measurements (BMI, waist-hip ratio), biochemical parameters
(glucose, HbAlc, lipid profile, pH, creatinine, ABG, serum bicarbonate
levels and urine ketones), and autoantibody status (GAD, IA2). Due to
logistic constraints, ZnT8-Ab (zinc transporter 8 antibody) positivity
was measured only in those patients who had both GAD and IA-2 anti-
body negative status. Thus patients in the A—p+ KPD group were
negative for GAD, IA-2 and ZnT8-antibodies. All patients, after testing
RT-PCR +ve for COVID-19, underwent an HRCT (high resolution CT)
chest scan, C-reactive protein (CRP), interleukin-6 (IL-6), D-dimer
levels, HbAlc, fasting lipid profile, serum electrolytes, 25-OH vitamin D
and an ABG analysis.

Biochemical laboratory analyses as well as autoantibody screening
were done as described in Supplement file 1.

The pancreatic p-cell secretory function at baseline was assessed in
the fasting state and with a mixed meal challenge test (MMCT) after
control of DKA. The methods in which the fasting and MMCT were
performed, and C-peptide was measured has been outlined in Appendix
A.

During admission, the patients' hyperglycemia and DKA were
managed as per standard of care guidelines,”” and COVID-19 was
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Screening of consecutive patients with DKA and
COVID-19 infection admitted to hospital (1-year )

N=86

l Excluded n=44 with pre-existing DM/ treatment with GC prior to DKA

COVID 19 +ve
New onset DKA
No previous h/o DM

N=42

!

!

COVID 19 +ve

COVID 19 +ve

N=22 | Autoantibody -ve Autoantibody +ve N=20
Excluded n=3 Excluded n=2
Suspected provoked A-B+ KPD Type 1A DM
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Baseline
Followup at 6 months L
Followup at 10 months

Clinical characteristics
Biochemical characteristics
Fasting and stimulated C-peptide levels

Comparison of clinical, biochemical and
B-cell secretory characteristics

Fig. 1. Flow diagram depicting the study outline.

DKA-diabetic ketoacidosis; DM-diabetes mellitus; KPD-ketosis prone diabetes; GC-glucocorticoids.

treated based on evidence based national guidelines.”” Patients who had
received drugs like glucocorticoids prior to the episode of DKA were not
included in this study and all patients received COVID-appropriate
therapy after admission with DKA.

2.4. Statistical analysis

We used SPSS Version 21 (SPSS Inc., Chicago, Illinois). Between-
group comparisons for quantitative variables were performed using
Student's t-test and Mann Whitney U test according to a normal or non-
parametric distribution of data. One way analysis of variance (ANOVA)
and Kruskal Wallis test were used to compare more than two groups.
Chi-square test was used to compare categorical variables, using Fisher's
correction when appropriate. p value < 0.05 was considered significant.

3. Results

Nineteen patients with suspected, provoked A—p+ KPD (Group 1)
and eighteen Type 1A diabetes mellitus (Group 2) were followed up with
serial clinical, biochemical and p-cell secretory tests over the period of
10-months.

3.1. Baseline comparison

On comparing the baseline characteristics (Table 1), our results
indicated that patients in Group 1 (38.5 + 6.5 years) had a significantly
greater age than that in the Type 1A DM group (p < 0.05), as well as
demonstrating a significantly higher BMI (27.1 + 3.2 vs 19.8 + 2.1 kg/
m?, p = 0.01), and a predominantly male distribution (12/19, 63%).

Glycemic control at presentation, as evidenced by mean HbAlc
levels (12.3 + 2.4 vs 9.8 + 1.3; p = 0.02), was worse in Group 1. The
patients in Group 1 presented with more severe DKA (higher glucose,
greater degree of acidosis, lower bicarbonate, all p < 0.05), while in-
flammatory markers (IL-6 and CRP) were found to be significantly
higher at baseline in them (p < 0.05). Interestingly, mean total doses of
insulin required during the resolution of DKA were significantly higher
amongst patients in Group 1 (p < 0.05). Also, it was noticed that at
admission, the p-cell secretion was similarly suppressed in both groups,
as indicated by the fasting and mixed-meal stimulated C-peptide levels.
All patients included in the study were on insulin after admission and at
discharge, and none were on oral antidiabetic drugs (OADs).
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Table 1
Comparison of baseline characteristics between KPD and Type 1A DM patients.
KPD (n = 19) Type 1A DM (n = p-
- Group 1 18) — Group 2 Value
Mean + SD Mean + SD
Clinical characteristics
Age (years) 38.5+ 6.5 23.8+7.6 0.001*
Male gender (%) 12 (63%) 9 (50%) 0.18
Duration of symptoms (days) 7.2+24 51+28 0.44
Weight loss at presentation (kg/ 14+12 1.6 £0.8 0.45
week)
Family history of Type 2 diabetes 10 (53%) 1 (12.5%) 0.04*
(%)
BMI (kg/mz) at presentation 27.1 +£3.2 19.8 + 2.1 0.01*
Waist hip ratio 1.1+0.2 0.8 £0.15 0.22
Number of days since COVID-19 7+3 6+2 0.18
symptoms to admission (days)
Patients with severe COVID-19 6 (33%) 7 (37%) 0.10
(%)
Daily insulin requirement (U/kg) 0.88 + 0.26 0.37 £ 0.16 0.02*
Biochemical characteristics
HbAlc (%) 12.3 + 2.4 9.8 +1.3 0.02*
Triglyceride (mg/dl) 166 + 31 145 + 28 0.39
LDL-c (mg/dl) 99 +16 84 +£19 0.45
GAD/IA2 Antibodies positive 0 9 NS
Admission plasma glucose (mg/ 536 + 108 412 + 132 0.02*
dl)
pH (arterial) 7.14 + 0.08 7.26 + 0.10 0.01%
Serum bicarbonate (mmol/1) 8.4+ 4.0 12.2+3.2 0.01*
Serum potassium (mEq/1) 2.6 £ 0.6 3.1+05 0.02*
Serum IL-6 187 + 36 56 + 12 0.01*
Serum CRP 135 + 32 52 +17 0.02*
Serum D-dimer 2099 + 899 1766 =+ 645 0.18
Serum 25-OH-Vit D 15.6 + 6.9 16.7 £7.1 0.39
p-Cell secretory function
Fasting C-peptide (ng/ml) 0.15 + 0.05 0.11 + 0.03 0.14
Stimulated C-peptide (ng/ml) 0.68 + 0.19 0.39 +0.12 0.12

BMI, basal metabolic rate; LDL-c, low density lipoprotein c; GAD, glutamic acid
decarboxylase; IA2, islet tyrosine phosphatase 2; IL-6, interleukin-6; CRP, C-
reactive protein; KPD-ketosis prone diabetes.

" Signifies p < 0.05.

3.2. Clinical course of Group 1 (suspected A—f+ KPD) patients on
follow-up

All the 19 patients (100%) with provoked A—p+ KPD required in-
sulin during their hospital admission for recovery from DKA and were
discharged on basal-bolus insulin therapy while being educated
regarding self-monitoring of blood glucose (SMBG) at home. Their mean
baseline HbAlc was 12.3 + 2.4%. The dose of insulin was titrated as per
SMBG and discontinued and switched to oral antidiabetic agents or
lifestyle measures, once the fasting and post prandial blood glucose and
HbA1lc values were within the American Diabetes Association targets at
two consecutive clinic visits made 2-4 weeks apart.>* None of the pa-
tients developed ketosis, ketoacidosis or hyperglycemia on down titra-
tion of insulin. At their six-month follow-up visit, n = 15 (79%, 15 out of
19) had significant improvement in their glycemic control (HbAlc =
7.2%) and were off insulin therapy, while n = 4 (21%) continued to have
poor glycemic control (Hbalc = 9.7%) and required insulin for main-
taining glycemic control.

Subsequently, at ten-month follow-up visit, these 15 patients (n =
79%) continued to maintain good glycemic control (Hbalc = 6.3%),
while being off insulin therapy for at least three consecutive months.
These patients thus satisfied the criteria for remission from insulin
dependence.'” The remaining four patients persisted to have require-
ment for insulin therapy, though there was mild improvement in their
glycemic control (Hbalc = 8.5%).

Furthermore, of the fifteen patients maintaining good glycemic
control without insulin at ten-month follow-up, n = 10 (67%) were
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managed with lifestyle modifications alone, n = 4 (27%) were managed
with metformin alone and only 1 patient (6%) required a combination of
metformin and sulfonylurea (gliclazide) for management.

3.3. Comparison of KPD patients based on independence from insulin at
10-months

Comparing the baseline characteristics between the KPD patients
achieving insulin independence (n = 15) and those persisting to require
insulin (n = 4), the patients in the latter group were found to have a
significantly lower age (34.4 + 5.2 vs 40.2 + 6.3 years; p = 0.03) as well
as BMI (25.9 + 2.2 vs 29.2 + 2.1 kg/mz; p = 0.01), while mean HbAlc
(11.1 £+ 1.9% vs 15.6 + 1.2; p = 0.03) and severity of ketoacidosis
(plasma glucose, arterial pH and serum bicarbonate, all p < 0.05) were
found to be significantly lower in the former group. Similarly, those
continuing to require insulin demonstrated greater elevations in in-
flammatory markers as evidenced by their IL-6 (152 + 44 vs 246 + 39; p
= 0.01) and CRP (115 =+ 41 vs 189 + 37; p = 0.03) levels, as well as
marked reductions in their serum Vit D (25-hydroxy) levels (p = 0.01)
(Table 2).

3.4. Comparison of beta-cell secretion characteristics

B-Cell secretion was assessed by fasting and mixed-meal stimulated
C-peptide levels at baseline, 6 months and 10 months follow-up amongst
the KPD patients achieving insulin independence (n = 15), KPD patients
continuing to require insulin (n = 4) and Type 1A DM (n = 18) patients
(Table 3).

At baseline, all three groups had similar degrees of suppressed p-cell

Table 2
Comparison of KPD patients independent from insulin and KPD patients
requiring insulin at 10 month followup.

KPD patients
independent from
insulin (n = 15)

KPD patients p-
persisting to require Value
insulin (n = 4)

Mean + SD Mean + SD
Characteristics at baseline
Age (years) 40.2 + 6.3 34.4 £ 5.2 0.03*
Male gender (%) 10 (66%) 2 (50%) 0.28
BMI (kg/m?) at 29.2+21 25.9 + 2.2 0.01~*
presentation
Family history of 7 (47%) 2 (50%) 0.10
diabetes (%)
HbAlc (%) 11.1 +£1.9 15.6 + 1.2 0.03*
Blood glucose at 445.4 + 98.8 518.8 +101.1 0.02*
presentation (mg/
dl)
Arterial pH at 7.17 £ 0.05 7.10 + 0.03 0.02*
presentation
Serum bicarbonate at 9.1+29 6.2+ 1.8 0.02*
presentation (mEq/
D
Serum potassium at 29+0.2 23+0.3 0.02*
presentation (mEq/
D
Serum IL-6 152 + 44 246 + 39 0.01*
Serum CRP 115 + 41 189 + 37 0.03*
Serum D-dimer 1789 + 988 2128 + 845 0.34
Serum 25-OH-Vit D 17.9 £ 5.2 6.8 + 2.2 0.01*
p-Cell secretory function - Baseline
Fasting C-peptide 0.18 + 0.04 0.11 + 0.03 0.15
(ng/ml)
Stimulated C-peptide 0.78 + 0.10 0.39 £ 0.12 0.27
(ng/ml)
Daily insulin 0.47 + 0.19 0.92 + 0.29 0.01*

requirement (U/kg)

KPD: ketosis prone diabetes, BMI, body mass index; IL-6, interleukin-6; CRP, C-
reactive protein.
" Signifies p < 0.05.
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Table 3
Comparison of beta-cell secretion characteristics.

Duration of follow- ~ KPD patients independent from insulin (n = 15) KPD patients persisting to require insulin (n = 4) Type 1A DM (n = 18)

up Basal C-peptide (ng/  Stimulated C-peptide Basal C-peptide (ng/  Stimulated C-peptide Basal C-peptide (ng/  Stimulated C-peptide
ml) (ng/ml) ml) (ng/ml) ml) (ng/ml)

0-month 0.18 + 0.04 0.78 + 0.10 0.12 £ 0.03 0.49 £+ 0.12 0.11 + 0.03 0.39 £ 0.12

6-month 1.3 £0.03" 2.45 +0.33" 0.56 + 0.09" 0.79 + 0.13" 0.12 + 0.04" 0.38 + 0.10"

10-month 2.1 + 0.42° 4.61 + 1.32¢ 0.65 + 0.13° 0.81 + 0.14¢ 0.10 + 0.02¢ 0.40 + 0.06°

KPD: ketosis prone diabetes; DM-diabetes mellitus.

@ Basal C-peptide at 6 months: significant difference for KPD patients independent from insulin vs KPD patients persisting to require insulin and KPD patients
independent from insulin vs Type 1A DM (all p < 0.05).

b Stimulated C-peptide at 6 months: significant difference for KPD patients independent from insulin vs KPD patients persisting to require insulin and KPD
patients independent from insulin vs Type 1A DM (all p < 0.05).

¢ Basal C-peptide at 10 months: significant difference for KPD patients independent from insulin vs KPD patients persisting to require insulin and KPD pa-
tients independent from insulin vs Type 1A DM (all p < 0.05).

d Stimulated C-peptide at 10 months: significant difference for KPD patients independent from insulin vs KPD patients persisting to require insulin and KPD

patients independent from insulin vs Type 1A DM (all p < 0.05).

secretion as evidenced by suppressed fasting and stimulated C-peptide
levels (all p > 0.05). C-peptide levels at six-month follow-up showed
significant recovery of fasting as well as stimulated values in the KPD
patients achieving insulin independence, compared to both insulin
requiring KPD (fasting: 1.3 &+ 0.03 vs 0.56 + 0.09 ng/ml; stimulated:
2.45 £ 0.33vs 0.79 £ 0.13 ng/ml; all p < 0.05) and Type 1A DM (all p <
0.05) patients. At ten-month follow-up, KPD patients achieving insulin
independence showed complete recovery of their p-cell secretion, with
remarkable increase in fasting and stimulated C-peptide levels compared
to their baseline values (fasting: 0.18 + 0.04 vs 2.1 + 0.42 ng/ml;
stimulated: 0.78 + 0.10 vs 4.61 + 1.32 ng/ml; p = 0.01). Further, their
B-cell secretion was significantly enhanced in comparison to those per-
sisting to require insulin (all p < 0.05) as well as the Type 1A DM (all p
< 0.05) patients. p-Cell secretion in the insulin requiring KPD patients
showed slight improvement when compared to their baseline values,
and to that in the Type 1A DM patients at six-month and ten-month
follow-up, though neither attained statistical significance (all p > 0.05).

Univariate regression analysis revealed five parameters - lower age,
lower BMI, higher admission HbAlc, elevated IL-6 and reduced 25-OH
(hydroxy) vitamin-D levels - to be significantly associated with
reduced stimulated C-peptide levels at ten months follow-up in the A-f+
KPD group (n = 19), (all p < 0.01). Subsequently, multivariate analysis
revealed that of the initial five independent variables, BMI (OR: 1.33, CL:
1.21-1.44), HbAlc % (OR: 1.79, CI: 1.62-1.94) and serum IL-6 levels at
admission (OR: 1.46, CI:1.32-1.58) persisted to show statistically sig-
nificant correlation with p-cell function in the A-+ KPD patients (all p
< 0.01). Drug treatment for COVID-19 provided after admission did not
have any association with f-cell secretion in these patients.

4. Discussion

Our study, conducted at a tertiary hospital of Eastern India, is the
first reported longitudinal cohort describing progressive p-cell recovery
in ‘provoked’, new-onset A—p+ KPD associated with COVID-19 infec-
tion, while simultaneously comparing their clinical and biochemical
characteristics with a group of COVID-19 infected Type 1A Diabetes
patients admitted with new-onset DKA during the same period.

While both provoked and unprovoked subtypes of A—p+ KPD have
been reported amongst people of various ethnicities,'”'? there is only
one previous report of eleven unprovoked, A—p+ KPD patients from
India.'? During our study period, n = 86 patients were admitted with
DKA, of which 22% (n = 19) had COVID-19 associated new-onset DKA
(Fig. 1) and demonstrated features of A—f+ KPD on follow-up. Though
estimating the prevalence of new-onset DKA in COVID-19 is beyond the
scope of our study, DKA at diagnosis has been previously reported as
6.6% and 28.2% in Type 2 and Type 1 Diabetes respectively amongst
non-COVID-19, general Indian population.®

As compared to Type 1A DM, A—p+ KPD has been classically

described to occur in middle- aged individuals between the ages of 33
and 53, similar to the mean age seen in our study.”® Our cohort main-
tains the male preponderance (63%) seen in previous studies,12 with
differences in lifestyle, body fat distribution and hormonal influences
postulated to play a role in this gender distribution.”” Positive family
history of Type 2 Diabetes, seen in more than half of our provoked,
A—p+ KPD patients, was slightly lower than that reported in earlier non-
Caucasian cohorts,”® which can be attributed to our smaller study
population. Mean BMI seen in our A—B+ KPD Indian patients conformed
to obesity cut-offs for South Asians,?° and was similar to average BMI's
reported in previous South Asian studies.*”

Severity of hyperglycemia and DKA was significantly greater in the
A—p+ KPD group (all p < 0.05) than those in the Type 1A DM group.
More severe hypokalemia, attributed to SARS-CoV2 mediated renin-
angiotensin-aldosterone system alterations,”’ can prove to be a vital
clinical clue in this cohort. The significantly greater Hbalc at admission
suggests relatively prolonged periods of undetected hyperglycemia in
the former, which in turn may have predisposed them to a greater
severity of acute hyperglycemic crisis.*” In the six KPD patients (33%)
with severe COVID-19 infection at admission, the severity of DKA, hy-
pokalemia and duration of insulin infusion was significantly greater
than the thirteen (67%) patients with milder infection (all p < 0.05).
Further, 50% (3 out of 6)of patients with severe COVID-19 failed to
recover f-cell functions at one-year follow-up, as opposed to only 8%(1
out of 13) in the milder group (p = 0.01). These provide indirect evi-
dence of possible role of COVID-19 in provoking A—p+ KPD, though
longitudinal comparisons with non-provoked A—p+ KPD sub-group
would have been ideal to prove causality.

Emerging evidence suggests two distinct subtypes of A—p+ KPD,'*
with definite differences in pathogenesis. Impaired ketone oxidation and
accelerated leucine catabolism'®'® contribute to the unprovoked vari-
ety, while cellular islet autoimmunity and proinflammatory mono-
cytes'®!” predispose to the provoked variety. Amongst stressors that can
potentiate A—p-+ KPD, HIN1 infection in a young, Chinese female'® and
HHV-8 in a sub-Saharan population'® are the notable viral triggers re-
ported till date. COVID-19 infection, through its' propensity to cause
ACE-2 mediated direct pancreatic p-cell damage® and disruptions of the
inflammatory pathways, presents a unique form of provoked A—f+
KPD. In a study done in type 2 diabetes patients with COVID-19, higher
concentrations of systemic inflammatory markers than those without
diabetes were seen,® Similar results were also seen in a multicentric
Chinese study demonstrating elevated CRP and procalcitonin amongst
the diabetic group with COVID-19.°2 These findings are similar to our
study, where a KPD subset of patients were found to have significantly
higher levels of serum IL-6 and CRP, with the exaggerated systemic in-
flammatory response partly explaining the poorer glycemic profile in
this group. Significantly higher insulin requirement (U/day) was
observed in the A—f+ KPD patients, both during admission with DKA
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and at discharge (0.78 + 0.31 vs 0.30 + 0.12 U/kg), compared to Type
1A DM patients despite similarly suppressed p-cell secretion at presen-
tation, which further reflects the possibility of enhanced inflammation-
related insulin resistance in the A—p+ KPD group.

Amongst the suspected COVID-19 provoked A- p+ KPD patients, 15/
19 (79%) were able to discontinue insulin completely within six-months,
which persisted at ten-month follow-up and maintained good glycemic
control with lifestyle modifications with or without oral antidiabetic
drugs. These findings were similar to that seen in the study by Mauvais-
Jarvis et al, in which 72% patients achieved remission from insulin
within a mean period of 10 years amongstn =111 A- 4+ KPD patients.33
In a study done on n = 51 A—p+ KPD patients by Maldonado et al,'’ at 6
month follow-up, 50% of the patients required insulin for glucose
management, which remained almost the same at 12 month follow-up as
well. In the previous study documenting insulin remission amongst an
Indian A- p+ KPD patients (n = 11), all (100%) of them showed
remission from insulin at six-months which persisted at 1 year follow-
up.'?

Serial analysis of fasting and meal-stimulated C-peptide levels in the
study population revealed distinctly varied responses in the KPD pa-
tients achieving insulin independence (n = 15), KPD patients continuing
to require insulin (n = 4) and Type 1A DM (n = 18) patients. Those
achieving independence from insulin showed remarkable recovery of
their p-cell secretion over time, with significantly suppressed fasting and
meal-stimulated C-peptide levels at baseline progressively reaching a
peak (2.1 £+ 0.42 and 4.61 + 1.32 U/kg) within ten months. The level of
B-cell recovery was comparable to that reported by Banerji and col-
leagues in a review of KPD cohorts.>*> Conversely, the p-cell recovery
in the insulin requiring KPD patients was significantly retarded at ten
months, necessitating the need for persistent insulin therapy and these
findings were similar to that by Jarvis et al.>® As expected, the Type 1A
DM group continued to have significantly suppressed C-peptide levels
compared to both the KPD subgroups, throughout the study period.

Comparison of KPD patients achieving insulin independence with
those persisting to require insulin at ten months revealed younger age
and lower BMI to be associated significantly with reduced recovery of
B-cell secretion, with similar associations being previously described in
longitudinal Western cohorts of A- p+ KPD.>* Moreover, worse glycemic
parameters (HbAlc and plasma glucose) and greater severity of DKA at
presentation were associated with poorer insulin remission, as was
presence of significantly elevated inflammatory markers. Enhanced in-
flammatory cytokines have been known to adversely affect p-cell
secretion as also insulin sensitivity,*® and these in conjunction may have
played a role in the diminished recovery of p-cells in the persistently
insulin requiring KPD patients. The additional finding of markedly lower
levels of 25-OH Vitamin D in those with poorer recovery of p-cell
secretion, may assume significance given the purported roles of Vitamin-
D in influencing insulin secretion as well as resistance.””>® However, a
longer follow-up duration and larger study population would help in
better understanding the exact influences of these factors on long-term
B-cell recovery after COVID-19 infection.

To the best of our knowledge, this is first reported longitudinal study
describing progressive f-cell recovery in COVID-19 provoked, new-onset
A—p+ KPD. The strengths of our study include meticulous clinical and
biochemical evaluation documenting serial p-cell secretion over ten
months. Further, comparisons with COVID-19 infected Type 1A DM with
the new onset DKA highlights the significantly different clinical and
metabolic profile in these patients. The potential role of COVID-
associated inflammatory perturbations in longitudinally influencing
metabolic dysfunctions need to be comprehensively assessed in future
studies.

The limitations of our study include the single-centre design with
relatively smaller study population and only ten months duration of
follow-up. Though such longitudinal data is yet to be reported amongst
COVID-19 patients, ideally, multicentric studies involving larger
numbers followed up over at least 3-5 years would help in better
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evaluation of the long-term risks of relapse and sustained ability to
maintain insulin-free remission. Comparisons with unprovoked, non-
COVID-19 A—p+ KPD in the general population and simultaneous
assessment of insulin resistance would help in gaining a complete un-
derstanding of this unique form of COVID-19 associated KPD.

Considering the huge number of people with diabetes being affected
continually by COVID-19 globally as also in India, our findings assume
immense clinical significance, given that a significant proportion of
those presenting with new-onset DKA during the pandemic may prove to
be the provoked variety of A-f+ KPD. Though insulin remains the
mainstay of therapy during the acute hyperglycemic crisis, significantly
greater chances of remission over time mandates meticulous clinical and
biochemical monitoring of these patients, with special emphasis on se-
rial C-peptide estimations to guide long-term treatment decisions and
avoid fatal hypoglycemia due to unwarranted insulin use.
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