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A B S T R A C T   

Aims: We carried out this prospective study of predominantly non-severe COVID-19 patients, to evaluate the 
influence of glycaemic status on clinical outcomes and neutralising antibody (Nab) responses, potentially rele
vant to the COVID-19 vaccination programme. 
Methods: We included consecutive adults admitted to Queen Mary Hospital for COVID-19 from July 2020–May 
2021. Glycaemic status was defined by admission HbA1c. Clinical deterioration was defined by radiological 
progression/new oxygen requirement/intensive care requirement/death. COVID-19 survivors had Nab mea
surements at 1-month, 2-month, 3-month and 6-month post-discharge. 
Results: Among 605 patients (96.9% non-severe COVID-19; 325 normoglycaemia, 185 prediabetes, 95 diabetes), 
74 (12.2%) had clinical deterioration, more likely with worse glycaemic status and higher HbA1c (p < 0.001). 
Older age (p < 0.001), higher viral loads (p < 0.001), higher C-reactive protein (CRP) (p < 0.001) and symp
tomatic presentation (p = 0.008), but not glycaemic status/HbA1c, independently predicted clinical deteriora
tion. Older age (p = 0.001), higher CRP (p = 0.038), elevated lactate dehydrogenase (p = 0.046) and interferon 
treatment (p = 0.001), but not glycaemic status/HbA1c, independently predicted Nab titres. Rate of Nab titre 
decline was comparable across glycaemic status. 
Conclusions: COVID-19 patients with worse glycaemic status were more likely to deteriorate clinically, mediated 
through the association of worse glycaemic status with older age, more severe inflammation and higher viral 
loads. Importantly, Nab responses did not differ across glycaemic status.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) pandemic, caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has infected 
over 220 million people worldwide, causing >4.5 million fatalities [1]. 
Notably, diabetes is one of the most important risk factors for severe 
COVID-19, contributed by older age, a proinflammatory and hyperco
agulable state, hyperglycaemia and the associated comorbidities [2]. 
Less is known about the influence of prediabetes, a precursor to diabetes, 
on the clinical outcomes of COVID-19 patients. Chandrasekaran et al. 

reported a relatively high rate of severe adverse outcomes among 102 
COVID-19 patients with prediabetes in India [3]. Results from case- 
control studies were mixed: a retrospective cohort of 843 COVID-19 
patients in the United States reported no significant difference in out
comes in 110 patients with prediabetes compared with control [4], 
while a Mexican cohort of 317 COVID-19 patients [5] and a selected 
cohort of 240 migrant workers in Singapore [6] showed that prediabetes 
conferred a greater risk of severe COVID-19. These were patients with 
more severe diseases or from a selected sub-population. Hence, the in
fluence of prediabetes on the clinical outcomes of COVID-19 patients, in 
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general, remained to be clarified. 
Moreover, there are concerns about the potential adverse impacts of 

diabetes on the antibody response to the SARS-CoV-2 vaccine, given the 
impaired antibody response to influenza and hepatitis vaccine [7,8]. 
Studies of SARS-CoV-2 antibody responses among patients who recov
ered from COVID-19 may provide insights. An early report of a small 
cohort of 31 non-severe patients showed that patients with diabetes 
were more likely to be negative for anti-SARS-CoV-2 antibodies [9]. On 
the other hand, a subsequent larger Italian cohort of hospitalised 
COVID-19 patients [10] showed that patients with diabetes had robust 
and sustained neutralising antibodies (Nab) to SARS-CoV-2 [11]. Hence, 
it is worthwhile to evaluate the anti-SARS-CoV-2 antibody responses in a 
cohort of predominantly non-severe COVID-19 patients representative 
of the general population. 

We carried out this prospective study of COVID-19 patients, pre
dominantly of non-severe disease, to evaluate the influence of glycaemic 
status on their clinical outcomes and Nab responses. 

2. Material and Methods 

The public health ordinance in Hong Kong required all patients 
tested positive for COVID-19 to be admitted to the hospital, including 
those detected on contact tracing and the Universal Community Testing 
Programme, regardless of symptoms [12]. Queen Mary Hospital is one of 
the major centres in Hong Kong receiving confirmed COVID-19 patients. 
Our previous publication has demonstrated that characteristics of 
COVID-19 patients admitted to Queen Mary Hospital were largely 
similar to those admitted to other centres in Hong Kong. Hence, our 
cohort is representative of COVID-19 patients in Hong Kong [13]. 
Consecutive adult patients (aged ≥ 18 years) admitted to Queen Mary 
Hospital for COVID-19 between 21 July 2020 and 20 May 2021 were 
prospectively recruited. The presence of SARS-CoV-2 was confirmed in 
all patients by reverse transcription-polymerase chain reaction (RT- 
PCR) from the nasopharyngeal swab (NPS) or deep throat saliva (DTS), 
using the LightMix SarbecoV E-gene assay (TIB Molbiol, Berlin, Ger
many), which targeted the envelope protein (E) gene of SARS-CoV-2 
[12,14]. Each patient had baseline blood tests taken within 24 h after 
admission before starting COVID-19 treatments. Basic haematology and 
biochemistry panel, including random glucose (RG), glycated haemo
globin (HbA1c) and C-reactive protein (CRP), were measured. Abnormal 
laboratory parameters were defined according to their respective 
reference ranges [12]. Estimated glomerular filtration rate (eGFR) was 
calculated using the Chronic Kidney Disease Epidemiology Collabora
tion (CKD-EPI) equation in all individuals [15]. Exclusion criteria 
included (i) history of SARS-CoV-2 vaccination, (ii) admission episode 
for re-infection by SARS-CoV-2, and (iii) pregnancy. 

The study was approved by the Institutional Review Board of the 
University of Hong Kong/Hospital Authority Hong Kong West Cluster. 
Written consent has been obtained from each patient or subject after 
fully explaining the purpose and nature of all procedures used. 

2.1. Definition of glycaemic status 

HbA1c was measured in whole blood using cation-exchange high- 
performance liquid chromatography. The assay was certified by Na
tional Glycohemoglobin Standardization Programme and standardised 
to Diabetes Control and Complications Trial reference assay. 

Participants were classified to have diabetes if they had a docu
mented diagnosis of diabetes before admission for COVID-19 (fasting 
glucose [FG] ≥ 7.0 mmol/L or HbA1c ≥ 6.5% [48 mmol/mol]; or use of 
anti-diabetic agents), or if their HbA1c on admission was ≥ 6.5% (48 
mmol/mol). 

If participants did not have a known diagnosis of diabetes, they were 
classified as having prediabetes if HbA1c was between 5.7% (39 mmol/ 
mol) and 6.4% (47 mmol/mol) (inclusive) [16], and normoglycaemia if 
HbA1c < 5.7% (39 mmol/mol). 

2.2. Definition of covariates 

Demographics and significant comorbidities were recorded. Obesity 
was defined by the International Classification of Diseases, Ninth Revi
sion, Clinical Modification (ICD-9-CM) code 278.0. Hypertension was 
defined by the use of anti-hypertensive medications at baseline, or pa
tients’ report of known physician-diagnosed hypertension. Cancer was 
defined by patients’ reported history of cancer. COVID-19-related 
symptoms were evaluated with a standard checklist. Respiratory rate, 
baseline oxygen saturation by pulse oximetry, and oxygen requirement 
on admission were captured. Cycle threshold (Ct) values were obtained 
from the qualitative LightMix SarbecoV E-gene assay (TIB Molbiol, 
Berlin, Germany) performed on specimens from NPS or DTS (whichever 
was lower) on admission. The Ct value represents the number of cycles 
required for a gene target or a PCR product to be detected. While viral 
loads were not directly measured with a dedicated quantitative RT-PCR 
assay in this analysis, studies have shown a good correlation between Ct 
values and SARS-CoV-2 viral loads [17,18], such that the lower the Ct 
values, the higher the viral loads. COVID-19 severity was classified ac
cording to the ‘Chinese Clinical Guidance for COVID-19 Pneumonia 
Diagnosis and Treatment (7th edition)’ published by the Chinese Na
tional Health Commission (NHC) [19]. Mild disease was defined by mild 
clinical symptoms without manifestations of pneumonia on imaging. 
Moderate disease was defined by fever and respiratory symptoms, and 
manifestations of pneumonia on imaging. Severe disease was defined by 
any of the following: respiratory rate ≥ 30/min, SpO2 ≤ 93% at rest, 
and > 50% progression in 48 h on imaging. Critical disease was defined 
by respiratory failure requiring mechanical ventilation, shock, and 
intensive care unit (ICU) admission. Each patient’s clinical outcomes, 
including radiological progression, supplementary oxygen re
quirements, ICU admission and death, were captured. For patients 
treated for COVID-19, one or more of the following were given: clofa
zimine [20], ribavirin, interferon beta-1b, or remdesivir [21]. Dexa
methasone [22] was added at physicians’ discretion as clinically 
indicated. 

2.3. Definition of clinical deterioration 

Clinical deterioration was defined as worsening in ≥ 1 category of 
clinical severity according to the Chinese NHC guideline. Hence, the 
definition of clinical deterioration incorporated radiological deteriora
tion, new-onset oxygen requirement, ICU admission, and death. 

2.4. Nab measurement by microneutralisation (MN) assay 

Virus culture and MN assay were performed as previously described 
[23]. Briefly, serum samples were serially diluted in 2-folds with mini
mum essential medium from 1:10 to 1:320. Diluted sera were mixed 
with 100 TCID50 of SARS-CoV-2 and incubated at 37 ◦C for 1 h. The 
mixture was added to VeroE6 cells and incubated at 37 ◦C and 5% CO2. 
Cytopathic effects were determined under inversion microscopy. The 
MN antibody titre was determined as the highest dilution showing 50% 
inhibition of cytopathic effects [24]. Titres of ≥ 20 were considered 
positive. MN antibody titres correlated well with both anti-SARS-CoV-2- 
nucleoprotein (NP) and anti-SARS-CoV-2-spike protein receptor-binding 
domain (RBD) IgG levels (R2 > 0.9) [24]. 

2.5. Serial assessments of Nab titres 

According to the study protocol, follow-up visits in a dedicated 
COVID-19 clinic were arranged at 1-month, 2-month, 3-month and 6- 
month from admission for blood tests for Nab titres. Data were 
captured until 30 June 2021. 
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2.6. Statistical analyses 

All statistical analyses were performed with IBM® SPSS® version 26. 
Two-sided p-values < 0.05 were considered statistically significant. 
Values not normally distributed were logarithmically transformed 
before analyses. Data were presented as median with interquartile range 
(IQR) or number with percentage as appropriate. Between-group com
parisons were performed with one-way ANOVA for continuous variables 
as appropriate, and Chi-square test for categorical variables as appro
priate. Multivariable stepwise logistic regression analysis was used to 
identify the independent determinants of clinical deterioration. Nab ti
tres were categorised into four quartiles. Multivariable ordinal logistic 
regression analysis was used to identify the independent determinant of 
Nab titres. All variables with statistical significance (p < 0.05) in the 
univariate analysis were included in the multivariable regression anal
ysis. General linear model with repeated measures was used to compare 
the Nab titres at the four time points upon follow-up according to 
different glycaemic status. Sensitivity analyses were performed using 
admission HbA1c or RG as continuous variables instead of glycaemic 
status as a categorical variable. 

2.7. Sample size calculation 

The R package “devtools” was used to calculate the sample size and 
power of the study. From our recent study [25], the anticipated distri
bution of included subjects was in the ratio of 3:2:1 for normoglycaemia: 
prediabetes:diabetes. In order to detect a difference of 10% in clinical 
deterioration between each group at a significance level of 5% in 

combination with Bonferroni’s correction, the total sample size required 
was 520 to achieve the power of 90%. Hence, the required sample size in 
each group was 274, 164, and 82 for normoglycaemia, prediabetes, and 
diabetes respectively according to the anticipated ratio. 

3. Results 

In total, 605 COVID-19 patients were included in this analysis. The 
study flow diagram is shown in Fig. 1. Their baseline characteristics are 
summarised in Table 1. The mean age was 50.2 ± 17.1 years. 45.1% 
were men. Hypertension (21.0%) was the most common comorbidity. 
Most (96.9%) of the participants had non-severe COVID-19 on admis
sion, and most (69.8%) were symptomatic on presentation. The median 
Ct value on admission was 24.62 (18.20 – 31.39). 

Regarding their glycaemic status: 325 (53.7%) were normoglycae
mic, 185 (30.6%) had prediabetes, and 95 (15.7%) had diabetes. Of the 
patients with diabetes in this cohort, 34 (35.8%) were newly diagnosed 
upon admission with their median blood glucose 9.93 mmol/L (IQR: 
7.22 – 12.98); none had symptoms of hyperglycaemia or ketosis. Among 
those with known diabetes, all had type 2 diabetes according to the 
judgement of their attending physicians [16]: 7 (7.4%) were on diet 
control, 43 (45.3%) were treated with oral anti-diabetic agents, and 11 
(11.6%) were treated with insulin (all confirmed to be type 2 diabetes on 
the electronic health record). An increasing trend of age and comor
bidities (hypertension, obesity, cardiovascular diseases and cancer) was 
observed with worsening in glycaemic status. The severity of COVID-19 
on admission was worse in prediabetes and diabetes, accompanied by 
higher CRP levels. The initial SARS-CoV-2 viral load was also higher in 

Fig. 1. Study flow diagram.  
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the diabetes group. There were more biochemical abnormalities 
observed in both the prediabetes and diabetes groups, including renal 
impairment (eGFR) and raised levels of tissue injury markers (aspartate 
aminotransferase [AST], lactate dehydrogenase [LDH] and troponin T 
[TnT]). 

3.1. Clinical course of COVID-19 patients according to glycaemic status 

The median length of hospitalisation was 8 days (IQR: 5 – 12). 57.7% 
of all patients received treatments, more among patients with predia
betes and diabetes. Interferon beta-1b was the most common treatment. 
Overall, 74 patients had clinical deterioration (12.2%), among whom 16 
required ICU admission and 4 died. Of note, we observed an increasing 
trend of clinical deterioration among patients with progressively worse 
glycaemic status (p < 0.001), and specifically, the rate of clinical dete
rioration rose starting from prediabetes (p < 0.05), mainly driven by 
new oxygen requirement. 

3.2. Variables associated with clinical deterioration 

We compared the baseline clinical characteristics of patients who did 
and did not have clinical deterioration. (Table 2) Those who developed 
clinical deterioration had worse glycaemic status, and higher HbA1c and 

admission RG. They were older and had more comorbidities. Regarding 
the clinical course of COVID-19, factors associated with clinical deteri
oration included more severe disease, higher initial SARS-CoV-2 viral 
loads, symptomatic presentation, higher CRP levels and more adverse 
profiles of haematological and biochemical parameters. 

Compared with normoglycaemia, both prediabetes (unadjusted OR 
3.43, 95% CI 1.91 – 6.17, p < 0.001) and diabetes (unadjusted OR 4.07, 
95% CI 2.08 – 7.94, p < 0.001) were associated with a higher risk of 
clinical deterioration. When adjusted for age and comorbidities (hy
pertension, obesity, stroke/TIA), glycaemic status was no longer an in
dependent predictor of clinical deterioration (p = 0.067). In the 
multivariable stepwise logistic regression analysis (Table 3), the inde
pendent determinants of clinical deterioration were age (adjusted OR 
1.04, 95% CI 1.02 – 1.06, p < 0.001), symptomatic presentation 
(adjusted OR 3.06, 95% CI 1.29 – 7.30), Ct value (adjusted OR 0.10, 95% 
CI 0.04 – 0.29, p < 0.001) and CRP levels (adjusted OR 2.11, 95% CI 
1.56 – 2.85, p < 0.001). Glycaemic status was not an independent 
determinant of clinical deterioration. 

We repeated the analysis using HbA1c as a continuous variable 
instead of glycaemic status as a categorical variable. Higher A1c levels 
were associated with higher odds of clinical deterioration (for each % 
increase, unadjusted OR 1.40, 95% CI 1.16 – 1.70; for each mmol/mol 
increase, unadjusted OR 1.03, 95% CI 1.01 – 1.05; both p < 0.001). In 

Table 1 
Baseline characteristics of the cohort.   

All Normoglycaemia Prediabetes Diabetes p-value 

Number of patients 605 325 185 95 — 
HbA1c, % 5.84 ± 1.00 5.30 ± 0.29 5.93 ± 0.19a 7.51 ± 1.49a,b <0.001 
HbA1c, mmol/mol 40.3 ± 10.9 34.4 ± 3.2 41.4 ± 2.1a 58.6 ± 16.3a, b <0.001 
Admission RG, mmol/L 5.91 (5.13 – 7.35) 5.45 (4.88 – 6.35) 6.18 (5.44 – 7.36)a 8.98 (6.88 – 12.66)a,b <0.001 
Age, years 50.2 ± 17.1 42.4 ± 15.8 57.0 ± 14.0a 63.3 ± 13.0a,b <0.001 
Male 273 (45.1%) 134 (41.2%) 91 (49.2%) 48 (50.5%) 0.050 
Comorbidities 
Hypertension 127 (21.0%) 31 (9.5%) 46 (24.9%)a 50 (52.6%)a,b <0.001 
Obesity 28 (4.6%) 8 (2.5%) 9 (4.9%) 11 (11.6%)a 0.005 
IHD/CHF 28 (4.6%) 4 (1.2%) 9 (4.9%)a 15 (15.8%)a,b <0.001 
Stroke/TIA 14 (2.3%) 3 (0.9%) 6 (3.2%) 5 (5.3%)a 0.021 
Cancer 28 (4.6%) 10 (3.1%) 10 (5.4%) 8 (8.4%) 0.045 
Symptomatic 422 (69.8%) 215 (66.2%) 136 (73.5%) 71 (74.7%) 0.066 
COVID-19 severity <0.001 
Mild 445 (73.6%) 273 (84.0%) 116 (62.7%)a 56 (58.9%)a  

Moderate 142 (23.5%) 48 (14.8%) 57 (30.8%)a 37 (38.9%)a  

Severe 9 (1.5%) 4 (1.2%) 2 (1.1%)a 3 (3.2%)a  

Ct value* 24.62 (18.20–31.39) 24.90 (17.62–31.65) 25.59 (19.94–31.42) 21.30 (17.50–28.19)b 0.038 
CRP*, mg/dL 0.52 (0.31–2.03) 0.31 (0.31–1.08) 1.11 (0.35–3.42)a 1.05 (0.36–3.53)a <0.001 
Abnormal neutrophil counts 189 (31.2%) 99 (30.5%) 56 (30.3%) 34 (35.8%) 0.737 
Lymphopenia 216 (35.7%) 106 (32.6%) 72 (38.9%) 38 (40.0%) 0.094 
Thrombocytopenia 126 (20.8%) 62 (19.1%) 38 (20.5%) 26 (27.4%) 0.099 
eGFR < 60 mL/min 26 (4.3%) 2 (0.6%) 8 (4.3%)a 16 (16.8%)a,b <0.001 
Elevated ALT 86 (14.2%) 41 (12.6%) 33 (17.8%) 12 (12.6%) 0.562 
Elevated AST 146 (24.1%) 61 (18.8%) 58 (31.4%)a 27 (28.4%) 0.006 
Elevated LDH 206 (34.0%) 90 (27.7%) 79 (42.7%)a 37 (38.9%) 0.003 
Elevated CK 69 (11.4%) 28 (8.6%) 30 (16.2%) 11 (11.6%) 0.112 
Elevated TnT 62 (10.2%) 14 (4.3%) 20 (10.8%)a 28 (29.5%)a,b <0.001 
Treatment 349 (57.7%) 153 (47.0%) 117 (63.2%)a 79 (83.2%)a,b <0.001 
Clofazimine 6 (1.0%) 4 (1.2%) 1 (0.5%) 1 (1.1%) 0.625 
Ribavirin 159 (26.3%) 87 (26.8%) 42 (22.7%) 30 (31.6%) 0.893 
Interferon 267 (44.1%) 133 (40.9%) 80 (43.2%) 54 (56.8%)a 0.028 
Remdesivir 153 (25.5%) 45 (13.8%) 62 (33.5%)a 46 (48.4%)a,b <0.001 
Dexamethasone 94 (15.5%) 22 (6.8%) 44 (23.8%)a 28 (29.5%)a <0.001 
Clinical deterioration 74 (12.2%) 20 (6.2%) 34 (18.4%)a 20 (21.1%)a <0.001 
Radiological deterioration 44 (7.3%) 15 (4.6%) 19 (10.3%)a 10 (10.5%) 0.012 
New oxygen requirement 42 (6.9%) 10 (3.1%) 16 (8.6%)a 16 (16.8%)a <0.001 
ICU admission 16 (2.6%) 3 (0.9%) 9 (4.9%)a 4 (4.2%) 0.012 
Death 4 (0.7%) 2 (0.6%) 0 (0%) 2 (2.1%) 0.576 

Abbreviations: RG, random glucose; IHD, ischaemic heart disease; CHF, congestive heart failure; TIA, transient ischaemic attack; COVID-19, coronavirus disease 2019; 
Ct, cycle threshold; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate 
dehydrogenase; CK, creatine kinase; TnT, troponin T; ICU, intensive care unit 
* logarithmically transformed before analysis 

a p < 0.05 compared with normoglycaemia. 
b p < 0.05 compared with prediabetes (with Bonferroni correction for multiple comparison). 
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the multivariable stepwise logistic regression analysis, however, HbA1c 
level was not an independent predictor of clinical deterioration (data not 
shown). We also repeated the analysis using admission RG as a 

continuous variable. Higher admission RG levels were associated with 
higher odds of clinical deterioration (unadjusted OR 4.15, 95% CI 2.02 – 
8.54, p < 0.001). In the multivariable stepwise logistic regression 
analysis, however, admission RG levels were not an independent pre
dictor of clinical deterioration (data not shown). 

3.3. Nab titres upon follow-up 

Among the entire cohort of 605 patients, 314 patients (51.9%) had 
Nab titres measured at any time point upon follow-up. Patients who had 
Nab titres checked were slightly older (51.9 ± 16.1 years vs 48.4 ± 18.0, 
p = 0.014) and more likely to be men (51.5% vs 38.1%, p < 0.001), but 
otherwise comparable COVID-19 severity (p = 0.181), Ct values (p =
0.380), glycaemic status (p = 0.291) and HbA1c (p = 0.846). 295 pa
tients had Nab titres checked at 1-month follow-up, 227 at 2-month 
follow-up, 207 at 3-month follow-up, and 122 at 6-month follow-up. 
Most of the patients were Nab positive throughout the 6-month 
follow-up: 94.9% at 1-month, 93.8% at 2-month, 87.4% at 3-month, 
and 80.3% at 6-month. 

3.4. Variables associated with Nab titres upon 1-month follow-up 

We compared the clinical characteristics of patients according to 
quartiles of Nab titres at 1-month follow-up (quartile 1: <10 – 10; 
quartile 2: 20 – 40; quartile 3: 80 – 160; quartile 4: 320 – >320) 
(Table 4). Towards higher quartiles of Nab titres, we observed older age, 
worse glycaemic status, higher prevalence of hypertension, and worse 
COVID-19 course (clinical severity, CRP levels and symptomatic pre
sentation and requirement of COVID-19 treatments). Neither HbA1c nor 
admission RG levels significantly differed across the quartiles of Nab 
titres. In the multivariable ordinal logistic regression analysis, the in
dependent factors associated with higher quartiles of Nab titres included 
older age (adjusted OR 1.03, 95% CI 1.01 – 1.05, p = 0.001), higher CRP 
levels (adjusted OR 1.32, 95% CI 1.02 – 1.70, p = 0.038), interferon 
treatment (adjusted OR 2.12, 95% CI 1.34 – 3.37, p = 0.001) and 
elevated LDH (adjusted OR 1.69, 95% CI 1.01 – 2.83, p = 0.046) 
(Supplementary Table S1). Glycaemic status did not independently 
predict Nab titres. 

Apart from Nab titres, we repeated the analysis of factors associated 
with Nab positivity. Among glycaemic status, HbA1c levels and admis
sion RG levels, none independently predicted Nab positivity (data not 
shown). 

3.5. Kinetics of Nab titres according to glycaemic status 

108 patients had Nab titres measured at all the four time points (1- 
month, 2-month, 3-month and 6-month follow-up). Comparison of the 
trends of Nab titres according to glycaemic status revealed no statisti
cally significant difference over the 6-month follow-up period (p =
0.280) (Fig. 2). The trend of Nab positivity over the 6-month follow-up 
did not differ by glycaemic status (p = 0.840). 

4. Discussion 

In this cohort of predominantly non-severe COVID-19 patients, those 
with prediabetes and diabetes had a higher risk of clinical deterioration 
than those with normoglycaemia. While older age, symptomatic COVID- 
19, higher viral loads and levels of inflammatory markers independently 
predicted clinical deterioration, glycaemic status was not an indepen
dent predictor of clinical deterioration. More importantly, glycaemic 
status was not an independent predictor of Nab responses at 1-month, 
and Nab responses to SARS-CoV-2 were not different across glycaemic 
status over 6 months of follow-up. As there was a previous report of 31 
non-severe COVID-19 patients showing that patients with diabetes were 
more likely to be negative for anti-SARS-CoV-2 antibodies [9], our re
sults derived from a larger cohort of predominantly non-severe COVID- 

Table 2 
Baseline characteristics of patients who did and did not have clinical 
deterioration.   

No Clinical 
Deterioration 

Clinical 
Deterioration 

P- 
value 

Number of patients 531 74 — 
Glycaemic status <0.001 
Normal 305 (57.4%) 20 (27.0%)  
Prediabetes 151 (28.4%) 34 (45.9%) 
Diabetes 75 (14.1%) 20 (27.0%) 
HbA1c, % 5.78 ± 0.93 6.26 ± 1.35 0.005 
HbA1c, mmol/mol 39.7 ± 10.1 44.9 ± 14.7 0.005 
Admission RG, mmol/L 5.82 (5.07 – 7.10) 6.87 (5.73 – 8.83) 0.001 
Age, year 48.6 ± 17.0 61.5 ± 13.2 <0.001 
Male 298 (56.1%) 34 (45.9%) 0.099 
Baseline clinical severity 0.002 
Mild 398 (75.0%) 46 (62.2%)  
Moderate 121 (22.8%) 21 (28.4%) 
Severe 12 (2.3%) 7 (9.5%) 
Comorbidities 
Hypertension 98 (18.5%) 29 (39.2%) <0.001 
Obesity 20 (3.8%) 8 (10.8%) 0.007 
IHD/CHF 23 (4.3%) 5 (6.8%) 0.352 
Stroke/TIA 9 (1.7%) 5 (6.8%) 0.007 
Cancer 25 (4.7%) 3 (4.1%) 0.999 
Symptomatic 355 (66.9%) 67 (90.5%) <0.001 
Ct value* 25.51 (18.60 – 

31.71) 
20.00 (16.09 – 
24.33) 

<0.001 

CRP*, mg/dL 0.43 (0.31 – 1.58) 1.87 (0.71 – 4.83) <0.001 
Abnormal neutrophil 

counts 
90 (16.9%) 11 (14.9%) 0.686 

Lymphopenia 176 (33.1%) 40 (54.1%) <0.001 
Thrombocytopenia 101 (19.0%) 25 (33.8%) 0.003 
eGFR < 60 mL/min 19 (3.6%) 7 (9.5%) 0.019 
Elevated alanine 

aminotransferase 
74 (13.9%) 12 (16.2%) 0.595 

Elevated aspartate 
aminotransferase 

122 (23.0%) 24 (32.4%) 0.075 

Elevated lactate 
dehydrogenase 

172 (32.4%) 34 (45.9%) 0.021 

Elevated creatine kinase 54 (10.2%) 15 (20.3%) 0.010 
Elevated troponin T 48 (9.0%) 14 (18.9%) 0.009 

Abbreviations: RG, random glucose; IHD, ischaemic heart disease; CHF, 
congestive heart failure; TIA, transient ischaemic attack; COVID-19, coronavirus 
disease 2019; Ct, cycle threshold; CRP, C-reactive protein; eGFR, estimated 
glomerular filtration rate 
* logarithmically transformed before analysis 

Table 3 
Variables associated with clinical deterioration in the final model of the multi
variable stepwise logistic regression analysis.   

Adjusted Odds Ratio (95% CI) P-value 

Age, years 1.04 (1.02 – 1.06) <0.001 
Symptomatic presentation 3.06 (1.29 – 7.30) <0.001 
COVID-19 severity 0.081 
Mild Reference — 
Moderate 0.45 (0.21 – 0.96) 0.040 
Severe 1.04 (0.30 – 3.65) 0.948 
Ct value* 0.10 (0.04 – 0.29) <0.001 
C-reactive protein*, mg/dL 2.11 (1.56 – 2.85) <0.001 
Elevated creatine kinase 2.01 (0.96 – 4.20) 0.065 

Abbreviations: COVID-19, coronavirus disease 2019; Ct, cycle threshold 
* logarithmically transformed before analysis 
The regression model included glycaemic status, age, hypertension, obesity, 
stroke/transient ischaemic attack, symptomatic presentation, Ct value, C-reac
tive protein, lymphopenia, thrombocytopenia, eGFR < 60 mL/min, elevated 
lactate dehydrogenase, elevated creatine kinase, elevated troponin T and base
line COVID-19 severity 
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19 patients clarified concerns about impaired antibody response against 
SARS-CoV-2 among patients with impaired glucose metabolism. 

Mounting evidence has shown that patients with type 2 diabetes are 
more likely to have severe COVID-19 (variably defined as requirement 
of ICU admission, mechanical ventilation or mortality), contributed by 
cardiometabolic comorbidities and hyperinflammation [2]. Our study 
extended the current understanding of the relatively less well-known 
impact of prediabetes on the clinical course of COVID-19. A recent In
dian cohort characterised 102 COVID-19 patients with prediabetes, 
demonstrating relatively high mortality of 30%, where non-survivors 
had higher levels of inflammatory markers and coagulation dysfunc
tion [3]. However, a control group was not available in that study [3]. A 
single-centre retrospective study in the United States showed the rate of 
severe COVID-19 was not increased in patients with prediabetes, where 
prediabetes was defined by HbA1c checked anytime within one year of 
admission [4]. On the contrary, a recent Mexican retrospective cohort 
study analysing COVID-19 patients with HbA1c checked on admission 
based on attending physicians’ discretion showed that prediabetes was 
associated with a higher risk of severe COVID-19 [5]. The conflicting 
results could be explained by the inherent selection bias in the above 
studies. Furthermore, all these studies focused on hospitalised patients 
with moderate to severe disease, potentially limiting the generalizability 
of the results to the general COVID-19 population, predominantly of 
non-severe disease [26]. With consecutive assessment of HbA1c on 
admission in our representative cohort of predominantly non-severe 
COVID-19 patients, we observed that the risk of clinical deterioration 
increased starting from prediabetes and, consistently, with increasing 
HbA1c levels. Nonetheless, the independent predictors of clinical dete
rioration were older age, symptomatic COVID-19, higher viral loads and 
higher levels of inflammation, but not glycaemic status or HbA1c on 
admission. 

One and a half years since the declaration of this COVID-19 
pandemic, at this stage, vaccination hopefully can bring an end to this 
fight against COVID-19. Data are limited specifically for patients with 
diabetes in the clinical trials of vaccines. While some preliminary data 
demonstrate similar vaccine efficacy in this subgroup [27], insights 
could be obtained from the existing studies of the Nab response among 
COVID-19 survivors. To date, there were only reports from two groups of 
investigators addressing this issue. An Italian group studying 150 hos
pitalised patients with at least moderate COVID-19 showed that anti- 
SARS-CoV-2 antibody responses among patients with diabetes were 
superimposable to those without diabetes in terms of both kinetics and 
durability [11]. In that study, glycaemic status was defined by FG on 
admission, where the possibility of stress hyperglycaemia could not be 
entirely excluded. Furthermore, the results may not be generalised to the 
population as this study focused on non-mild COVID-19 patients. An 
Indian study of 31 COVID-19 patients with a milder disease spectrum 
found a lower rate of seroconversion at 2 weeks post-discharge among 
patients with diabetes [9]. In that study, HbA1c was not measured 
among patients without known diabetes. With the relatively small 
sample size, possible misclassification or bias may explain the difference 
in seroconversion rate. Quantitative measurement and longitudinal 
follow-up results were also not available. Our results thus filled the 
current knowledge gaps. We demonstrated that Nab responses were 
comparable across glycaemic status over 6 months of follow-up among 
patients with predominantly non-severe COVID-19. Interestingly, we 
identified several independent determinants of Nab responses: older 
age, higher levels of inflammation, and exposure to interferon treat
ment. Higher antibody response with advancing age has been reported 
in other studies as well [28–30], which may be partly contributed by the 
more severe COVID-19 clinical course. Indeed, invariably, symptomatic 
presentation, hospitalisation or more severe COVID-19 have been re
ported to be associated with higher anti-SARS-CoV-2 antibody response 

Table 4 
Comparison of baseline clinical characteristics of COVID-19 patients with 
different levels of neutralising antibody responses at 1-month follow-up (n =
295).   

Neutralising antibody titres P- 
value 

<10 – 10 20 – 40 80 – 160 320 – 
>320 

Number of patients 
(%) 

15 
(5.1%) 

78 
(26.4%) 

118 
(40.0%) 

84 
(28.5%) 

— 

Glycaemic status 0.007 
Normoglycaemia 13 

(86.7%) 
47 
(60.3%) 

70 
(59.3%) 

8 (9.5%) 

Prediabetes 2 
(13.3%) 

23 
(29.5%) 

32 
(27.1%) 

16 
(19.0%) 

Diabetes 0 (0%) 8 
(10.3%) 

16 
(13.6%) 

12 
(14.3%) 

HbA1c, % 5.27 ±
0.30 

5.76 ±
0.68 

5.80 ±
1.10 

5.90 ±
0.82 

0.090 

HbA1c, mmol/mol 34.0 ±
3.3 

39.4 ±
7.4 

39.9 ±
12.0 

41.0 ±
8.9 

0.090 

Admission RG, 
mmol/L 

5.25 
(4.94 – 
7.35) 

5.86 
(5.11 – 
7.45) 

6.17 
(5.31 – 
7.23) 

6.28 
(5.58 – 
7.74) 

0.444 

Age, years 39.5 ±
17.2 

47.5 ±
16.9 

52.5 ±
16.1 

56.5 ±
13.5 

<0.001 

Male 8 
(53.3%) 

42 
(53.8%) 

56 
(47.5%) 

47 
(56.0%) 

0.845 

Comorbidities 
Hypertension 1 (6.7%) 15 

(19.2%) 
25 
(21.2%) 

24 
(28.6%) 

0.046 

Obesity 0 (0%) 6 (7.7%) 5 (4.2%) 8 (9.5%) 0.332 
IHD/CHF 1 (6.7%) 4 (5.1%) 3 (2.5%) 6 (7.1%) 0.718 
Stroke/TIA 0 (0%) 1 (1.3%) 2 (1.7%) 3 (3.6%) 0.236 
Abnormal 

neutrophil counts 
3 
(20.0%) 

12 
(15.4%) 

25 
(21.2%) 

11 
(13.1%) 

0.614 

Lymphopenia 6 
(40.0%) 

25 
(32.1%) 

44 
(37.3%) 

45 
(53.6%) 

0.015 

Thrombocytopenia 2 
(13.3%) 

18 
(23.1%) 

34 
(28.8%) 

21 
(25.0%) 

0.429 

eGFR < 60 mL/min 0 (0%) 1 (1.3%) 5 (4.2%) 4 (4.8%) 0.156 
Elevated ALT 1 (6.7%) 12 

(15.4%) 
19 
(16.1%) 

15 
(17.9%) 

0.375 

Elevated AST 1 (6.7%) 20 
(25.6%) 

32 
(27.1%) 

28 
(33.3%) 

0.058 

Elevated LDH 0 (0%) 25 
(32.1%) 

43 
(36.4%) 

45 
(53.6%) 

<0.001 

Elevated CK 1 (6.7%) 7 (9.0%) 24 
(20.3%) 

8 (9.5%) 0.658 

Elevated TnT 1 (6.7%) 3 (3.8%) 7 (5.9%) 11 
(13.1%) 

0.046 

Worst COVID-19 severity <0.001 
Mild 14 

(93.3%) 
60 
(76.9%) 

68 
(57.6%) 

44 
(52.4%) 

Moderate 1 (6.7%) 17 
(21.8%) 

35 
(29.7%) 

27 
(32.1%) 

Severe 0 (0%) 1 (1.3%) 12 
(10.2%) 

9 
(10.7%) 

Critical 0 (0%) 0 (0%) 2 
(16.9%) 

4 (4.8%) 

Ct value* 21.77 
(17.26 – 
36.38) 

22.93 
(17.73 – 
29.15) 

25.01 
(18.78 – 
29.61) 

24.65 
(18.32 – 
31.19) 

0.512 

CRP*, mg/dL 0.31 
(0.30 – 
0.31) 

0.43 
(0.31 – 
1.32) 

0.62 
(0.31 – 
2.36) 

1.34 
(0.36 – 
4.09) 

<0.001 

Symptomatic 
presentation 

8 
(53.3%) 

58 
(74.4%) 

95 
(80.5%) 

70 
(83.3%) 

0.016 

Immunomodulatory treatment 
Interferon 7 (4.7%) 38 

(48.7%) 
70 
(59.3%) 

60 
(71.4%) 

0.002 

Dexamethasone 0 (0%) 3 (3.8%) 21 
(17.8%) 

20 
(23.8%) 

<0.001 

Abbreviations: RG, random glucose; IHD, ischaemic heart disease; CHF, 
congestive heart failure; TIA, transient ischaemic attack; COVID-19, coronavirus 
disease 2019; Ct, cycle threshold; CRP, C-reactive protein; eGFR, estimated 
glomerular filtration rate; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; LDH, lactate dehydrogenase; CK, creatine kinase; TnT, 

troponin T 
* logarithmically transferred before analysis 

D.T.W. Lui et al.                                                                                                                                                                                                                                



Diabetes Research and Clinical Practice 185 (2022) 109232

7

[31]. Consistent with these factors, our study showed that higher levels 
of CRP and LDH were associated with higher anti-SARS-CoV-2 antibody 
response, supporting the theory of a more pronounced inflammatory 
state favouring an early maturation of the antibody response [32]. It is 
not surprising that interferon beta-1b exposure correlated with higher 
Nab titres, as the use of interferon beta-1b probably jump-started or 
improved the antiviral response of patients, resulting in shortening virus 
shedding, alleviating symptoms, and facilitating discharge of patients 
with mild to moderate COVID-19 [33]. 

Our data had enhanced the existing literature regarding the impact 
of glycaemic status on the clinical outcomes and Nab responses among 
COVID-19 patients. Nonetheless, our results should be interpreted 
bearing the following limitations. Firstly, as our cohort comprised 
mainly mild to moderate COVID-19 patients and thus had a low mor
tality rate, our study was not powered to identify predictors of mortality. 
Secondly, SARS-CoV-2 viral loads were represented by Ct values. 
Despite a good correlation [17,18], direct quantitative measurements of 
viral loads would have been preferred if available. Thirdly, obesity, 
increasingly recognised as an important risk factor for COVID-19-related 
morbidity and mortality [34], was defined by ICD-9-CM diagnostic code 
in our study as a categorical variable, instead of body mass index as a 
continuous variable, and was likely to be underreported. 

5. Conclusions 

We observed a higher likelihood of clinical deterioration in those 
with dysglycaemia in this cohort of predominantly non-severe COVID- 
19 patients, starting from prediabetes, likely secondary to the associa
tion of dysglycaemia with older age, symptomatic COVID-19, higher 
viral loads and levels of inflammation, which independently predicted 
clinical deterioration. Glycaemic status did not adversely impact the 
anti-SARS-CoV-2 antibody responses upon 6 months of follow-up. 
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Campos-Muñoz Alejandro, Mehta Roopa, Villanueva-Reza Marco, et al. Impact of 
undiagnosed type 2 diabetes and pre-diabetes on severity and mortality for SARS- 
CoV-2 infection. BMJ Open Diabetes Res Care 2021;9(1):e002026. https://doi.org/ 
10.1136/bmjdrc-2020-002026. 

[6] Tee Louis Y, Alhamid Sharifah Munirah, Tan Jeriel L, Oo Theik Di, Chien Jaime, 
Galinato Primavera, et al. COVID-19 and Undiagnosed Pre-diabetes or Diabetes 
Mellitus Among International Migrant Workers in Singapore. Front Public Heal 
2020;8. https://doi.org/10.3389/fpubh.2020.584249. 

[7] Smith SA, Poland GA. Use of influenza and pneumococcal vaccines in people with 
diabetes. Diabetes Care 2000;23:95–108. https://doi.org/10.2337/ 
diacare.23.1.95. 

[8] Volti SL, Caruso-Nicoletti M, Biazzo F, Sciacca A, Mandara G, Mancuso M, et al. 
Hyporesponsiveness to intradermal administration of hepatitis B vaccine in insulin 
dependent diabetes mellitus. Arch Dis Child 1998;78(1):54–7. https://doi.org/ 
10.1136/adc.78.1.54. 

[9] Pal Rimesh, Sachdeva Naresh, Mukherjee Soham, Suri Vikas, Zohmangaihi Deepy, 
Ram Sant, et al. Impaired anti-SARS-CoV-2 antibody response in non-severe 
COVID-19 patients with diabetes mellitus: A preliminary report. Diabetes Metab 
Syndr 2021;15(1):193–6. https://doi.org/10.1016/j.dsx.2020.12.035. 

[10] Lampasona Vito, Secchi Massimiliano, Scavini Marina, Bazzigaluppi Elena, 
Brigatti Cristina, Marzinotto Ilaria, et al. Antibody response to multiple antigens of 
SARS-CoV-2 in patients with diabetes: an observational cohort study. Diabetologia 
2020;63(12):2548–58. https://doi.org/10.1007/s00125-020-05284-4. 

[11] Dispinseri Stefania, Lampasona Vito, Secchi Massimiliano, Cara Andrea, 
Bazzigaluppi Elena, Negri Donatella, et al. Robust Neutralizing Antibodies to SARS- 
CoV-2 Develop and Persist in Subjects with Diabetes and COVID-19 Pneumonia. 
J Clin Endocrinol Metab 2021;106(5):1472–81. https://doi.org/10.1210/clinem/ 
dgab055. 

[12] Lui David Tak Wai, Lee Chi Ho, Chow Wing Sun, Lee Alan Chun Hong, 
Tam Anthony Raymond, Fong Carol Ho Yi, et al. Role of non-thyroidal illness 
syndrome in predicting adverse outcomes in COVID-19 patients predominantly of 
mild-to-moderate severity. Clin Endocrinol (Oxf) 2021;95(3):469–77. https://doi. 
org/10.1111/cen.14476. 

[13] Lui David Tak Wai, Lee Chi Ho, Chow Wing Sun, Lee Alan Chun Hong, 
Tam Anthony Raymond, Pang Polly, et al. Long COVID in Patients with Mild to 
Moderate Disease: Do Thyroid Function and Autoimmunity Play a Role? Endocr 
Pract. 2021;27(9):894–902. https://doi.org/10.1016/j.eprac.2021.06.016. 

[14] Lui DTW, Lee CH, Chow WS, Lee ACH, Tam AR, Fong CHY, et al. Thyroid 
Dysfunction in Relation to Immune Profile, Disease Status and Outcome in 191 
Patients with COVID-19. J Clin Endocrinol Metab. 2021;106:e926-e935. 

[15] KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of 
Chronic Kidney Disease Chapter 1: Definition and classification of CKD. Kidney Int 
Suppl 2013;3:19–62. https://doi.org/10.1038/kisup.2012.64. 

[16] Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes- 
2020. Diabetes Care 2020;43:S14–31. 

[17] Yu Fengting, Yan Liting, Wang Nan, Yang Siyuan, Wang Linghang, Tang Yunxia, 
et al. Quantitative Detection and Viral Load Analysis of SARS-CoV-2 in Infected 
Patients. Clin Infect Dis 2020;71(15):793–8. https://doi.org/10.1093/cid/ciaa345. 

[18] Tom MR, Mina MJ. To Interpret the SARS-CoV-2 Test, Consider the Cycle 
Threshold Value. Clin Infect Dis 2020;71:2252–4. https://doi.org/10.1093/cid/ 
ciaa619. 

[19] Chinese Clinical Guidance for COVID-19 Pneumonia Diagnosis and Treatment (7th 
edition). http://kjfy.meetingchina.org/msite/news/show/cn/3337.html (accessed 
August 23, 2020). 

[20] Yuan Shuofeng, Yin Xin, Meng Xiangzhi, Chan Jasper Fuk-Woo, Ye Zi-Wei, 
Riva Laura, et al. Clofazimine broadly inhibits coronaviruses including SARS-CoV- 
2. Nature 2021;593(7859):418–23. https://doi.org/10.1038/s41586-021-03431-4. 

[21] Hung IFN. Treatment of coronavirus disease 2019. Curr Opin HIV AIDS 2020;15: 
336–40. https://doi.org/10.1097/COH.0000000000000652. 

[22] Crisan Dabija Radu, Antohe Ileana, Trofor Antigona, Antoniu Sabina A. 
Corticosteroids in SARS-COV2 infection: certainties and uncertainties in clinical 
practice. Expert Rev Anti Infect Ther 2021;19(12):1553–62. https://doi.org/ 
10.1080/14787210.2021.1933437. 

[23] To Kelvin Kai-Wang, Tsang Owen Tak-Yin, Yip Cyril Chik-Yan, Chan Kwok-Hung, 
Wu Tak-Chiu, Chan Jacky Man-Chun, et al. Novel Coronavirus in Saliva. Clin Infect 
Dis 2020;71(15):841–3. https://doi.org/10.1093/cid/ciaa149. 

[24] To Kelvin Kai-Wang, Tsang Owen Tak-Yin, Leung Wai-Shing, Tam Anthony 
Raymond, Wu Tak-Chiu, Lung David Christopher, et al. Temporal profiles of viral 
load in posterior oropharyngeal saliva samples and serum antibody responses 
during infection by SARS-CoV-2: an observational cohort study. Lancet Infect Dis 
2020;20(5):565–74. https://doi.org/10.1016/S1473-3099(20)30196-1. 

[25] Lui DTW, Lee CH, Chow WS, Lee ACH, Tam AR, Pang P, et al. The independent 
association of TSH and free triiodothyronine levels with lymphocyte counts among 
COVID-19 patients. Front. Endocrinol. 2021. https://doi.org/10.3389/ 
fendo.2021.774346. 

[26] Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology, 
transmission, diagnosis, and treatment of coronavirus disease 2019 (COVID-19): a 
review. Jama 2020;324(8):782–93. https://doi.org/10.1001/jama.2020.12839. 

[27] Pal Rimesh, Bhadada Sanjay Kumar, Misra Anoop. COVID-19 vaccination in 
patients with diabetes mellitus: Current concepts, uncertainties and challenges. 
Diabetes Metab Syndr 2021;15(2):505–8. https://doi.org/10.1016/j. 
dsx.2021.02.026. 

[28] Yang He S, Costa Victoria, Racine-Brzostek Sabrina E, Acker Karen P, Yee Jim, 
Chen Zhengming, et al. Association of Age With SARS-CoV-2 Antibody Response. 
JAMA Netw Open 2021;4(3):e214302. https://doi.org/10.1001/ 
jamanetworkopen.2021.4302. 

[29] Arkhipova-Jenkins Irina, Helfand Mark, Armstrong Charlotte, Gean Emily, 
Anderson Joanna, Paynter Robin A, et al. Antibody Response After SARS-CoV-2 
Infection and Implications for Immunity: A Rapid Living Review. Ann Intern Med 
2021;174(6):811–21. https://doi.org/10.7326/M20-7547. 

[30] Klein Sabra L, Pekosz Andrew, Park Han-Sol, Ursin Rebecca L, Shapiro Janna R, 
Benner Sarah E, et al. Sex, age, and hospitalization drive antibody responses in a 
COVID-19 convalescent plasma donor population. J Clin Invest 2020;130(11): 
6141–50. https://doi.org/10.1172/JCI14200410.1172/JCI142004DS1. 

[31] Vanshylla Kanika, Di Cristanziano Veronica, Kleipass Franziska, Dewald Felix, 
Schommers Philipp, Gieselmann Lutz, et al. Kinetics and correlates of the 
neutralizing antibody response to SARS-CoV-2 infection in humans. Cell Host 
Microbe 2021;29(6):917–929.e4. https://doi.org/10.1016/j.chom.2021.04.015. 

[32] Wu Fan, Liu Mei, Wang Aojie, Lu Lu, Wang Qimin, Gu Chenjian, et al. Evaluating 
the Association of Clinical Characteristics With Neutralizing Antibody Levels in 
Patients Who Have Recovered From Mild COVID-19 in Shanghai. China. JAMA 
Intern Med 2020;180(10):1356. https://doi.org/10.1001/ 
jamainternmed.2020.4616. 

[33] Hung Ivan Fan-Ngai, Lung Kwok-Cheung, Tso Eugene Yuk-Keung, Liu Raymond, 
Chung Tom Wai-Hin, Chu Man-Yee, et al. Triple combination of interferon beta-1b, 
lopinavir–ritonavir, and ribavirin in the treatment of patients admitted to hospital 
with COVID-19: an open-label, randomised, phase 2 trial. The Lancet 2020;395 
(10238):1695–704. https://doi.org/10.1016/S0140-6736(20)31042-4. 

[34] Kwok S, Adam S, Ho JH, Iqbal Z, Turkington P, Razvi S, et al. Obesity: A critical 
risk factor in the COVID-19 pandemic. Clin Obes 2020;10:e12403. https://doi.org/ 
10.1111/cob.12403. 

D.T.W. Lui et al.                                                                                                                                                                                                                                

https://doi.org/10.3389/fendo.2021.649525
https://doi.org/10.1016/j.dsx.2021.102192
https://doi.org/10.1016/j.dsx.2021.102192
https://doi.org/10.1155/2021/5516192
https://doi.org/10.1155/2021/5516192
https://doi.org/10.1136/bmjdrc-2020-002026
https://doi.org/10.1136/bmjdrc-2020-002026
https://doi.org/10.3389/fpubh.2020.584249
https://doi.org/10.2337/diacare.23.1.95
https://doi.org/10.2337/diacare.23.1.95
https://doi.org/10.1136/adc.78.1.54
https://doi.org/10.1136/adc.78.1.54
https://doi.org/10.1016/j.dsx.2020.12.035
https://doi.org/10.1007/s00125-020-05284-4
https://doi.org/10.1210/clinem/dgab055
https://doi.org/10.1210/clinem/dgab055
https://doi.org/10.1111/cen.14476
https://doi.org/10.1111/cen.14476
https://doi.org/10.1016/j.eprac.2021.06.016
https://doi.org/10.1093/cid/ciaa345
https://doi.org/10.1093/cid/ciaa619
https://doi.org/10.1093/cid/ciaa619
http://kjfy.meetingchina.org/msite/news/show/cn/3337.html
https://doi.org/10.1038/s41586-021-03431-4
https://doi.org/10.1097/COH.0000000000000652
https://doi.org/10.1080/14787210.2021.1933437
https://doi.org/10.1080/14787210.2021.1933437
https://doi.org/10.1093/cid/ciaa149
https://doi.org/10.1016/S1473-3099(20)30196-1
https://doi.org/10.3389/fendo.2021.774346
https://doi.org/10.3389/fendo.2021.774346
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1016/j.dsx.2021.02.026
https://doi.org/10.1016/j.dsx.2021.02.026
https://doi.org/10.1001/jamanetworkopen.2021.4302
https://doi.org/10.1001/jamanetworkopen.2021.4302
https://doi.org/10.7326/M20-7547
https://doi.org/10.1172/JCI14200410.1172/JCI142004DS1
https://doi.org/10.1016/j.chom.2021.04.015
https://doi.org/10.1001/jamainternmed.2020.4616
https://doi.org/10.1001/jamainternmed.2020.4616
https://doi.org/10.1016/S0140-6736(20)31042-4
https://doi.org/10.1111/cob.12403
https://doi.org/10.1111/cob.12403

