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Abstract
BACKGROUND

Diabetes mellitus is considered a leading contributor to severe coronavirus disease 2019

(COVID-19).

AIM
To characterize differences between hospitalized diabetics with vs without COVID-19,

and parameters associated with COVID-19 severity for prediction.

METHODS

This case-control study included 209 patients with type 2 diabetic mellitus hospitalized
at the Galilee Medical Center (Nahariya, Israel) and recruited between September 2020
and May 2021, 65 patients with COVID-19 infection in dedicated wards and 144
COVID-19-negative patients in internal medicine wards hospitalized due to other
reasons. Clinical parameters - including age, type of antiglycemic medications, presence

of retinopathy, smoking history, body mass index (BMI), glycosylated hemoglobin,
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maximum neutrophil:lymphocyte ratio (NLRmax) and C-reactive protein (CRP),
estimated glomerular filtration rate (eGFR), and albumin (blood and urine) - were
compared between the two primary patient groups, and then between COVID-19-
negative patients hospitalized due to infectious vs non-infectious disease. Finally, we

explored which parameters were associated with severe COVID-19 pneumonia.

RESULTS

COVID-19-negative patients were older (63.9 + 9.9 vs 59.8 + 9.2, P = 0.005), and had
longer duration of diabetes (P = 0.031), lower eGFR (P = 0.033), higher albumin (P =
0.026), lower CRP (P < 0.001), greater smoking prevalence (P < 0.001), and more
baseline albuminuria (54.9% vs 30.8%, P = 0.005) at admission; 70% of COVID-19
patients with albuminuria had moderate-range albuminuria (albumin:creatinine 30-300
mg/ g). Most of the patients with albuminuria had chronic kidney disease stage II (CKD
II). Oral antiglycemic therapies were not significantly different between the two groups.
Multivariable logistic regression showed that higher BMI was significantly associated
with severe COVID-19 (OR 1.24, 95%CI 1.01-1.53, P = 0.04), as was higher NLRmax (OR
1.2, 95%ClI 1.06-1.37, P = 0.005). Surprisingly, pre-hospitalization albuminuria, mostly
moderate-range, was associated with reduced risk (OR 0.09, 95%CI 0.01-0.62, P = 0.015).

Moderate-range albuminuria was not associated with bacterial infections.

CONCLUSION
Moderate-range albuminuria in COVID-19-positive diabetic patients with CKD 1II is
associated with less severe COVID-19. Further studies should explore this potential

biomarker for risk of COVID-19-related deterioration and early interventions.

Key Words: Diabetes mellitus; COVID-19; Albuminuria; Severity; Chronic kidney

disease; Immunomodulation
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Core Tip: Type 2 diabetes mellitus and its risk factors are considered to be contributors
to severe coronavirus disease 2019 (COVID-19). In this study, we analyzed our single-
center clinical data of adults with type 2 diabetes between September 2020 and May
2021 to determine the impact of risk factors on severity of COVID-19 pneumonia.
Surprisingly, we found that moderate-range pre-hospitalization albuminuria was
associated with reduced risk of severe COVID-19 pneumonia. Further studies are
needed to explore this association and pathogenesis relating to immunomodulation,
which may indicate a biomarker for patients at reduced risk for COVID-19-related
deterioration that may translate to therapeutic interventions.

INTRODUCTION

In December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was
identified as the causative pathogen for coronavirus disease 2019 (COVID-19)
pneumonialll. COVID-19 infection can cause various symptoms of varying severity,
starting from mild disease with upperéespiratory tract infection and continuing to
moderate and severe pneumonia with a systemic inflammatory response syndrome,
acute respiratory distress syndrome (ARDS), multi-organ involvement, and shock!2l.

Several risk factors for severe COVID-19 disease have been described, and include
advanced age, male sex, smoking history, and underlying chronic diseases Ech as
cardiovascular disease (CVD), diabetes mellitus, obesity, underweight, and chronic
kidney disease (CKD) [defined as estimated glomerular filaation rate (eGFR) < 60
mL/min/1.73 m?], as well as socioeconomic deprivationl?4. The presence of diabetes
and the individual degree of hyperglycemia appear to be independently associated with
COVID-19 severity and increased mortalityl>l.
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Given the compromised immune function in patients with diabetes, especially innate
immunity with impaired natural killer (NK) cellsl57], impaired T cell responses with
increased Thl and Thl7 cells, reduced T regulatory cells, and altered cytokine
responsel®l, diabetes is considered to be a risk factor for_severe COVID-19
pneumonial>?. A recent retrospective study demonstrated elevated cytokines,
imbalance of Th1/Th2 cytokines and reduced levels of CD8+ T cells and NK cells in
patients with diabetes suffering from COVID-19 pneumonia compared to patients
without diabetes, with reduced level of CD8+ T cells and NK cells being more
pronounced in non-survivorsllfl. In addition, other risk factors for severe COVID-19
pneumonia are associated with diabetes, €.g., obesity, hyperglycemia, CVD, and CKDI!-
3]

In this case-control study, we aimed to characterize the differences between patients
with diabetes hospitalized in internal medicine departments and patients with diabetes
sufferinﬁ from COVID-19 pneumonia in designated wards at the Galilee Medical
Center. Among the patients with COVID-19 infection, we explored clinical parameters

that were associated with severe COVID-19 pneumonia for predictive value.

MATERIALS AND METHODS

Participants

Data were analyzed from 209 type 2 diabetic patients hospitalized at the Galilee
Medical Center between September 2020 and May 2021 and participating in a study
evaluating the prevalence of and related factors for de novo positive COVID19 serology
(ethical committee approval number 0073-21-NHR, dated 05-Jul-2021). Sixty-five
patients suffering from COVID-19 infection were hospitalized in the COVID-19 wards
and 144 patients with other diseases were hospitalized in the internal medicine wards,
the latter recruited concurrently for unbiased comparison. Diabetes was defined by
glycosylated hemoglobin (HbAlc) = 6.5% and by medical history of type 2 diabetes
diagnosis in the past. Patients hospitalized in the internal medicine wards were

recruited during their hospitalization period, while patients suffering from COVID-19
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pneumonia were recruited after their discharge from the hospital. All participants
signed the informed consent form as approved by the Galilee Medical Center Helsinki
Committee (investigational review board). The total number of participants was

reached per enrollment criteria of patients hospitalized during the selected time period.

Design and procedures

This case-control study included the following two parts: (1) First we compared the
clinical parameters between the two primary patient groups, followed by a comparison
of the clinical characteristics between patients hospitalized due to infectious vs non-
infectious disease in the internal medicine wards; (2) Second, we explored which
clinical parameters were associated with severe COVID-19 pneumonia.

Demographic, clinical, and laboratory parameters were collected from electronic
hospital and community records using Chameleon and Ofek software, respectively. The
following baseline parameters were recorded: age, sex, religion, type of antiglycemic
medications [metformin, dipeptidylpeptidase-4 (DPP-4) inhibitors, sulfonylurea,
sodium glucose cotransporter-2 (SGLT2) inhibitors, glucagon-like peptide-1 (GLP-1)
receptor agonists, and insulin], presence of retinopathy, smoking history, body mass
index (BMI), and HbAlc. The following parameters were collected during the
hospitalization period: maximum neutrophil:lymphocyte ratio (NLRmax) and C-reactive
protein (CRP) (plus values at admission), e€GFR, and albumin. COVID-19 infection was
defined as a positive SARS-CoV-2 polymerase chain reaction.

Baseline moderate-range albuminuria was defined as an albumin-to-creatinine ratio
between > 30 and < 300 mg/g in two urine analyses performed during the 18 mo prior
to hospitalization; macroalbuminuria was defined as > 300 mg/g. eGFR was calculated
by using the CKD Epidemiology Collaboration creatinine equation!''l. Baseline HbAlc
and eGFR were calculated as the average of up to two last values of the respective tests
during the 12 mo prior to hospitalization. Retinopathy was defined according to
fundoscopic examination conducted during the 18 mo prior to hospitalization (it

included background retinopathy, proliferative retinopathy, or macular edema).
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The severity of COVID-19 infection was determined in accordance with the following
Israel Ministry of Health criteria published July 12, 2020 (according to the United States
National Institutes of Health): (1) Mild illness when there are symptoms of mild viral
upper respiratory tract infection; (2) Moderate illness per imaging and oxygen
saturation = 94% on room air; (3) Severe illness when one of the following criteria were
met: respiratory rate > 30 breaths/minute, oxygen saturation < 94% on room air,
PaO2/FiOz2 < 300 mmHg, or lung infiltration > 50%; (4) Critical illness per

hemodynamic instability, need for mechanical ventilation, and /or multiorgan failure.

Statistical analysis

Continuous variables were analyzed for mean and standard deviation (SD), median,
and interquartile range (IQR). Categorical variables were analyzed with frequencies and
percentages.

Differences between groups for continuous variables were compared using
independent sample f-test or Mann-Whitney test. We chose independent sample f-test
when the compared variables did not deviate significantly from the normal distribution.
Differences between groups for categorical variables were compared with Chi-square or
Fisher’s exact tests (if expectancy < 5).

Correlations between continuous variables were examined with Spearman’s
correlation coefficient test, which was chosen over other tests according to the variable’s
distribution shape. Multivariable logistic regression modelling was used to determine
the risk factors for severe or critical COVID-19 and separately for infectious compared
to non-infectious disease in patients without COVID-19 infection. In the multivariable
analysis, the severity of COVID-19 pneumonia and presence of infectious disease were
the dependent variables, while the following baseline parameters were independent
variables: age, sex, BMI, last eGFR measured before hospitalization, HbAlc, NLRmax,
and albuminuria before hospitalization. These risk factors were chosen according to the
univariable analysis results and theoretical considerations. We defined the following

three models according to variables: Model 1 included sex, age, and BMI; Model 2
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included Model 1 variables plus HbAlc, eGFR, and NLRmax; and Model 3 included
Model 2 variables plus the presence of albuminuria.

Odds ratios (OR) and 95% confidence intervals (CI) for OR are provided as estimates
of risk for each variable.

Analyses were performed with IBM SPSS Statistics software version 27.0 (Armonk,
NY, United States). A P value of < 0.05 was considered statistically significant. Two-

sided P values are presented unless otherwise specified.

RESULTS
Between September 2020 and May 2021, 65 patients with diabetes suffering from
COVID-19 infection and 144 diabetic COVID-19-negative patients hospitalized due to

other reasons were enrolled in this study.

Clinical characteristics of patients with diabetes, with and without COVID-19
infection
Clinical characteristics of patients with diabetes, with COVID-19 infection compared to
diabetic patients without COVID-19 infection, are presented in Table 1. Patients without
COVID-19 were older than patients with COVID-19 (63.9 + 9.9 years compared to 59.8 +
9.2 years, respectively, P = 0.005), had lower prevalence of smoking (6.2% compared to
33.3%, P < 0.001), longer duration of diabetes (P = 0.031), lower eGFR (P = 0.033), higher
albumin (P = 0.026), and lower CRP at gdmission, as well as lower maximum value of
CRP (CRPmax) during hospitalization (P < 0.001). Interestingly, baseline albuminuria
was more common in patients without COVID-19 infection (54.9% compared to 30.8%,
P =0.005). There was a trend toward a higher percentage of insulin therapy in patients
without COVID-19 (P = 0.047 and P = 0.064 for prandial and basal insulin, respectively).

Use of other antiglycemic therapies were not significantly different between the two

groups.
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Clinical characteristics of patients with diabetes suffering from COVID-19, with and
without albuminuria

Among the 65 patients suffering from COVID-19 infection in this cohort, 20 had
documented albuminuria prior to hospitalization, whereas 45 did not. Most of the
patients with albuminuria had CKD II and moderately increased albuminuria (A2)
(Table 1). Basal insulin therapy was more common in patients with albuminuria (50%
compared to 17.8%, P = 0.015). As expected, patients with albuminuria had significantly
higher values of HbAlc (median 8.9% and IQR 7.3%-10.4% 2, compared to 7.2% and
6.6%-8.6%, respectively, P = 0.02). Other parameters were not significantly different
between the two groups (Table 2).

Predictors of severe COVID-19 pneumonia
Univariable analysis demonstrated increased risk for severe COVID-19 pneumonia with
higher inflammatory markers NLRmax and CRP (P < 0.001) and lower albumin level (P <
0.001). Oral antiglycemic therapies were not significantly different between patients
with moderate or severe pneumonia (Table 3).
Variables associated with severe COVID-19 pneumonia in the multivariable analysis
according to the Models 1-3 are presented in Table 4, and the multivariable logistic
regression in Model 3 is depicted in Figure 1. The dependent variable is the severity of
COVID-19 pneumonia, while the following parameters are independent variables: age,
sex, BMI, last eGFR measured before hospitalization, HbAlc, NLRmax, and albuminuria
fore hospitalization. In the final model, as expected, a higher BMI was significantly
associated with severe COVID-19 pneumonia (OR 1.24, 95%CI 1.01-1.53, P = 0.04), as
was higher NLRuax (OR 1.20, 95%CI 1.06-1.37, P = 0.005). Surprisingly, the presence of
moderate-range albuminuria before hospitalization was associated with reduced risk
(OR 0.09, 95%CI 0.01-0.62, P = 0.015). Of note, 70% of COVID-19 patients with
proteinuria had moderate-range albuminuria.
As expected, moderate correlation strength was found between age and diabetes

duration in the COVID-19 group (Spearman’s correlation coefficient test r = 0.58, P <
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0.001). Given this correlation, only age was included in the multivariable regression
model. Similarly, moderate-to-strong correlation strength was found between NLRmax
and CRPuax in the COVID-19-positive patients (Spearman’s correlation coefficient test r
= 0.59, P < 0.001 for the COVID-negative patients, and r = 0.73, P < 0.001 for the COVID-
19-positive patients). Given the significant correlation between CRP and NLRuax, only

NLRmax was included in the multivariable regression model.

Moderate range albuminuria was not associated with bacterial infections

Given the surprising protective association between moderate-range albuminuria and
severe COVID-19 infection, we wanted to explore whether this association is similarly
observed in bacterial infections. We hypothesized that this protective association is
specific for viral infections such as COVID-19 and not to bacterial infections. For this,
similar multivariable logistic regression models were conducted in COVID-19-negative
patients without bacterial infections vs patients with bacterial infections to characterize
which variables are associated with the latter. Variables associated with the absence vs
presence of bacterial infection in the multivariable analysis according to the Models 1-3
are presented (Table 5). In the final model, NLRmax was significantly associated with
bacterial infection. The protective effect of albuminuria was not observed with regard to
bacterial infection. The apparent protective effect of moderate-range albuminuria in
patients with CKD II was specific to COVID-19 infection in this cohort, but may be

relevant to other viral infections as well.

DISCUSSION

Diabetes mellitus has en associated with severe COVID-19 pneumonial3-58l.
Hyperglycemia increases SARS-CoV-2 replication in human monocytes, and glycolysis
sustains SARS-CoV-2 replication via the production of mitochondrial reactive oxygen
species and activation of hypoxia-inducible factor 1al'2. Further, individuals suffering
from diabetes are thought to have chronic low-grade inflammation, which might

facilitate the cytokine storm that can lead to clinical deterioration of COVID-19
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patientsl. In addition, patients with diabetes have impaired NK cell activity and
altered T cell subpopulations that may increase the susceptibility to severe COVID-19
pneumonial>0213.14] Moreover, other risk factors for severe COVID-19 pneumonia are
associated with diabetes, e.g., obesity, CVD, and CKDI>#10l. Therefore, in the current
study, we focused on patients with type 2 diabetes who were hospitalized at the Galilee
Medical Center due to COVID-19 infection or other acute diseases for comparison.

Interestingly, baseline albuminuria was more common in patients without COVID-19
infection (54.9% compared to 30.8%, P = 0.005). The observed low rate of albuminuria in
the COVID-19 group led us to explore the associations of several baseline clinical
variables, including baseline albuminuria and antiglycemic therapies, as predictors of
severe COVID-19 pneumonia. Similarly to previous publications, we identified factors
that were significantly associated with increased severity of COVID-19 pneumonial®,
including higher BMI (OR 1.24, 95%CI 1.01-1.53, P = 0.04) and NLRmax (OR 1.2, 95%CI
1.06-1.37, P = 0.005), the latter reflecting the immune modulation caused by COVID-19
viremia. urprisingly, the presence of moderate-range albuminuria before
hospitalization was associated with reduced risk for severe COVID-19 pneumonia (OR
0.09, 95%CI 0.01-0.62, P = 0.015).

Several oral antiglycemic therapies may yield protective anti-COVID-19 properties
due to their pleotropic effects. Given that DPP-4 is thought to be one of the COVID-19
receptors and DPP-4 inhibitors have anti-inflammatory activityl!5], these medications
were indeed associated with a better clinical outcome in COVID-19 patients/®16l. GLP-1
receptor agonists have several immune modulation activities, includinﬁinhibition of
nuclear factor-kBP17l. SGLT2 inhibition decreases the mRNA expression levels of some
cytokines and chemokines, such as tumor necrosis factor, interleukin-6, and monocyte
chemoattractant protein 114 Metformin treatment reduces the circulating levels of
inflammatory biomarkers in diabetics, and was associated with significantly lower in-
hospital mortality in a retrospective study of COVID-19 patients[518191. Despite the

above properties, in the current study we did not detect a protective effect of any class
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of antiglycemic medication. It is possible that the current cohort was underpowered to
detect such differences.

The protective association of baseline moderate-range albuminuria with severe
COVID-19 pneumonia was unexpected and counterintuitive, given the well-established
role of CKD in enhancing severity of the disease. This association was not observed in
patients suffering from bacterial infection, suggesting a specific protective effect against
COVID-19, as we cannot draw any conclusions about other viral pathogens in the
current cohort. To our knowledge, baseline moderate-range albuminuria with eGFR >
60 mL/min has not been described as conferring such an advantage as demonstrated

here.

How can we reconcile this protective association between baseline albuminuria and reduced risk
r severe COVID-19 pneumonia?
Post-mortem findings in the lungs of people with fatal COVID-19 demonstrated diffuse
alveolar damage and inflammatory cell infiltration/?’l. The inflammatory response in
patients with severe COVID-19 ppeumonia is impaired. Specifically, it has been
demonstrated that interferon (IFN) type I response is disrupted with low IFNa activity
in the blood, indicating high blood viral load and an impaired inflammatory
responsel?ll. Despite IFN's protective role in COVID-19 infection, IFN can lead to
proteinuria. The role of activation of type I IFN signaling in mediating proteinuria is
well-known. Podocytes respond to toll-like receptor ligand-like
polyinosinic:polycytidylic acid [poly (I:C)] that simulates viral infection, by releasing
pro-inﬂarﬁatory cytokines and activation of type I IFN signaling. IFN signaling
enhances podocyte B7-1 expression and actin remodeling in vitro and leads to transient
proteinuria in vive. Interestingly, mice treated with a type I IFN receptor-blocking
antibody were protected from lipopolysaccharide-induced proteinurial22l. Therefore, we
hypothesize that the presence of moderate-range albuminuria may represent intact type
1 IFN signaling, and in the case of COVID-19 infection, such intact IFN signaling can

confer protection from severe COVID-19 pneumonia. We emphasize that moderate-
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range albuminuria has a protective association in the context of patients with mild CKD
(eGFR > 60 mL/min), who constitute the majority of participants in our cohort.
Notwithstanding, it was recently demonstrated that patients with eGFR < 60 mL/min
or severe albuminuria are at risk for severe COVID-19 infection23l, probably due to
advanced CKD contributing to impaired immune function.

A similarly counterintuitive association was recently demonstrated in a cohort of
inflammatory bowel disease (IBD) patients. Severe sequelae of COVID-19 were lower in
IBD patients compared to matched non-IBD controls, suggesting that baseline immune
activity may modulate the progression of COVID-19 pneumonial?4. In addition, the
unexpe&ted finding with regard to moderate-range albuminuria and protection from
severe COVID-19 pneumonia might be the result of confounding by as yet unidentified
factors or collider bias.

As with all observational studies, our study has limitations. We did not have
information regarding other co-morbidities such as liver disease, respiratory disease,

cohol abuse, cognitive impairment, efc., which can serve as confounding factors.
Residual confounding might also have resulted from the use of only several
measurements to identify baseline characteristics. We did not have data about urine
albumin:creatinine during hospitalization; therefore, the contribution of this variable
was not included in the final model. In addition, we did not have baseline clinical data
for patients who did not survive COVID-19 infection, as described in the methods
relating to patient enrollment. Of note, the sample size was small, but was adequate to
demonstrate statistical significance of the protective association between moderate-

range albuminuria and severe COVID-19 pneumonia.

CONCLUSION

The presence of moderate-range albuminuria in patients with diabetes suffering from
COVID-19 pneumonia may represent an intact IFN type 1 response that may translate
to protection against severe disease. Further studies are needed to explore whether this

association is also relevant to other viral infections and characterize the pathogenesis
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relating to immunomodulation, which may indicate a biomarker for patients at reduced

risk for COVID-19-related deterioration that may translate to therapeutic interventions.

ARTICLE HIGHLIGHTS

Research background

Several risk factors for severe coronavirus disease 2019 (COVID-19) disease have been
described, including: advanced age, male sex, smoking history, and underlying chronic
diseases such as cardiovascular disease, diabetes mellitus, obesity, Iunderweight, and
chronic kidney disease (CKD). This case-control study was conducted to identify risk
factors for severe COVID-19 pneumonia in patients with type 2 diabetic mellitus

hospitalized at the Galilee Medical Center (Nahariya, Israel).

Research motivation
We aimed to characterize differences between hospitalized diabetics with vs patients

without COVID-19, and parameters associated with COVID-19 severity for prediction.

Research objectives

Similar to previous reports, multivariable logistic regression showed higher body mass
index (BMI) and neutrophil:lymphocyte ratio (NLR) were significantly associated with
severe COVID-19. Surprisingly, pre-hospitalization albuminuria, mostly moderate-
range (albumin:creatinine 30-300 mg/g), was associated with reduced risk for severe
COVID-19 pneumonia. The counterintuitive protective association in patients with
stage II CKD was not described before. Given the causative association between type I
interferon (IFN) signaling and proteinuria, we hypothesize that the presence of
moderate-range albuminuria may represent an intact type I IFN signaling, which

confers protection from severe COVID-19 pneumonia and its complications.

Research methods
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This case-control study included 209 patients with type 2 diabetic mellitus hospitalized
at the Galilee Medical Center (Nahariya, Israel) and recruited between September 2020
and May 2021, 65 patients with COVID-19 infection in dedicated wards and 144
COVID-19-negative patients in internal medicine wards hospitalized due to other
reasons. Clinical parameters - including age, type of antiglycemic medications, presence
of retinopathhsmoking history, BMI, glycosylated hemoglobin, maximum NLR
(NLRmax) and C-reactive protein (CRPnax), estimated glomerular filtration rate (eGFR),
and albumin (blood and urine) - were compared between the two primary patient
groups, and then between COVID-19-negative patients hospitalized due to infectious vs
non-infectious disease. Finally, we explored which parameters were associated with

severe COVID-19 pneumonia.

Research results

COVID-19-negative patients were older and had longer duration of diabetes, lower
eGFR, higher albumin, lower CRP, greater smoking history, and more baseline
albuminuria at admission. 70% of COVID-19 patients with albuminuria had moderate-
range albuminuria. Most of the patients with albuminuria had CKD II. Oral
antiglycemic therapies were not significantly different between the two groups. As
previously reported , multivariable logistic regression showed higher BMI and higher
NLR were significantly associated with severe COVID-19. Surprisingly, pre-
hospitalization albuminuria, mostly moderate-range, was associated with reduced risk
for severe COVID-19 pneumonia. This protective association was specific to COVID-19

infection and was not observed in bacterial infections.

Research conclusions

Moderate-range albuminuria in COVID-19-positive diabetic patients with CKD II is
associated with less severe COVID-19. We hypothesize that this counterintuitive
association may represent intact IFN signaling that on the one hand can lead to harmful

proteinuria via podocyte injury, and on the other hand can serve as a protective
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cytokine with the potential to mitigate COVID-19 infection and complications. Given
the importance of intact type I IFN response in controlling COVID-19, we suggest that
moderate-range albuminuria in diabetic patients with mild CKD may serve as a
biomarker for intact IFN signaling and therefore is associated with reduced risk for

severe COVID-19 pneumonia.

Research perspectives
Further studies should explore the potential role of albuminuria in the presence of mild
CKD as a biomarker for reduced risk of COVID-19-related deterioration that may

translate to therapeutic interventions.
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