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ABSTRACT

Background: While accumulating evidence indicates chronic kidney disease as a risk

factor for coronavirus disease 2019 (COVID-19), the association between normal or mildly
decreased kidney function and COVID-19 is unaddressed. Here, we have examined the
association of an increase in estimated glomerular filtration rate (eGFR) with the incidence
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and severe
COVID-19 outcomes among patients within normal to mildly decreased kidney function.
Methods: The patients who participated in both health screenings from period I (2017-2018)
to II (2019-2020) were enrolled to our study. All participants were categorized into four
groups according to the changes in eGFR stage from period I to II: 1) persistently stage G1,
2) from stage G2 to G1, 3) from stage G1 to G2, 4) persistently stage G2. In addition, the
changes in eGFR value were defined by subtracting its value of period I from II. Patients were
followed up for SARS-CoV-2 infection from January 1, 2021 to any diagnosis of COVID-19 or
December 31, 2021, whichever happened first. In addition, those with SARS-CoV-2 infection
were followed-up for one month after diagnosis to analyze severe COVID-19. Adjusted odds
ratio (aOR) was calculated using multivariable-adjusted logistic regression.

Results: We identified 159,427 patients with and 1,804,798 patients without SARS-CoV-2
infection. The risk of SARS-CoV-2 infection decreased when eGFR stage changed from G2
to G1 (aOR, 0.957; 95% confidence interval [CI], 0.938-0.977) and persistently maintained
at G1 (aOR, 0.966; 95% CI, 0.943-0.990), compared with the persistently stage G2 group.
In addition, the risk showed an inverse relationship with changes in eGFR value, which

was depicted by restricted cubic spline curves. For the overall risk of severe COVID-19, the
persistently stage G1 showed the lowest risk (aOR, 0.897; 95% CI, 0.827-0.972), followed by
those from stage G1 to G2 (aOR, 0.900; 95% CI, 0.828-0.978) and those from stage G2 to G1
(aOR, 0.931; 95% ClI, 0.871-0.995), compared with the persistently stage G2 group.
Conclusion: An increase in eGFR was negatively associated with the risk of SARS-CoV-2
infection and severe COVID-19 among normal or mildly decreased kidney function. For severe
COVID-19, maintaining higher baseline eGFR may act as a protective factor against its risk.
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INTRODUCTION

A novel coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has been threatening global health at an unprecedented
level. Many researchers investigated the risk factors of COVID-19-related outcomes to find
determinants of promising or poor prognosis. Age and sex are proven to play an important

role in the incidence and severity of COVID-19.1,2 Currently, chronic kidney disease (CKD) has
emerged as the most prevalent risk factor for COVID-19-related outcomes.3-5

As reported by Clark et al.,! the risk of COVID-19-related outcomes decreased from 22% to
17% by removing CKD, emphasizing the need to understand the underlying mechanisms
with COVID-19. Dysfunction in the kidney causes uremia-associated changes in innate and
adaptive immunity, predisposing patients to an increased risk of infection.7 Indeed, the
progression of renal insufficiency correlated well with an increase in the risk of SARS-CoV-2
infection and severe COVID-19. A retrospective cohort study of 18,105 patients showed that
estimated glomerular filtration rate (eGFR) was inversely associated with severe COVID-19.8
In addition, a study using OpenSafely cohort reported that CKD with eGFR < 30 mL/min/1.73
m? showed the highest risk among other CKD stages.?

As accumulating evidence indicates an advanced CKD as a risk factor for increased
susceptibility to SARS-CoV-2 infection and severe COVID-19, the association between
increased kidney function and COVID-19 also needs to be investigated. Although Carlson

et al.8 reported a higher risk of severe COVID-19 with eGFR 61-90 mL/min/1.73 m?

compared with eGFR > 90 mL/min/1.73 m?, the observed association was based on a single
measurement which is vulnerable to misclassification or measurement bias. Therefore, we
investigated the association of an increase in eGFR among normal to mildly decreased kidney
function based on two consecutive health screening tests (2017-2018 and 2019-2020) with
the risk of SARS-CoV-2 infection and severe clinical events of COVID-19 to investigate the
prognostic implications of COVID-19 with improved kidney function.

METHODS

Data source

Approximately 97.2% of the Korean population is enrolled in the Korean National Health
Insurance Service (NHIS).10 Through the medical records of the biennial health screening,
qualification, and treatment claims collected by the NHIS, researchers can investigate

many population-based epidemiologic studies. Other details of NHIS data are described
elsewhere.!1 To establish the scientific basis for the quarantine policy and to investigate the
risk factors of COVID-19, the NHIS and the Korea Disease Control and Prevention Agency
(KDCA) have generated the K-COV-N cohort by matching patients with COVID-19 at 1:10
ratio based on age and sex propensity score. Therefore, the cohort dataset is comprised of
6.3 million participants with the following variables: 1) socio-demographic information,
diagnosis statements by International Classifications of Diseases, 10th revision (ICD-10),
prescriptions records, serological data, and biennial health screening data between January
1, 2009 and December 31, 2021; 2) COVID-19 vaccination data including inoculation date,
series, types of vaccines and confirmation date, death and transmission route of SARS-CoV-2
infection accumulated at the KDCA and Ministry of Health and Welfare from October 9, 2020
to December 31, 2021.
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Study population

The participants who were aged 20 years or older were selected as a candidate for the biennial
health screening from period I (2017-2018) to period II (2019-2020; n = 2,128,608). Next,
those who died without SARS-CoV-2 infection before January 1, 2022 (n = 6,234), who were
infected with SARS-CoV-2 before January 1, 2021 (n = 12,871), had missing information for
eGFR (n=9,732), had missing information for other covariates (n=2,026), had an eGFR < 60
mL/min/1.73 m? at both health screenings (n = 122,130), or were diagnosed with any history of
chronic kidney disease or acute kidney injury (ICD-10 code; N17-N19) before study enrollment
(n =11,390) were excluded from the study. Finally, 1,964,225 participants were included for
the first analytic cohort for examining the risk of COVID-19. To confirm the association of
changes in eGFR with severe clinical outcomes of COVID-19, we generated a second analytic
cohort comprising 159,427 patients with SARS-CoV-2 infection. If diagnosed with SARS-CoV-2
infection after December 1, 2021 (n = 54,840), they were excluded from the cohort due to a
relatively short follow-up period. Therefore, 104,587 patients were included in the second
analytic cohort for examining the risk of severe clinical outcomes of COVID-19 (Fig. 1).

Exposures

Serum creatinine (mg/dL) was measured by traceable isotope dilution mass spectrometry
during both health screenings. Based on the laboratory results, eGFR was calculated using
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation: eGFR =141
x min(Se/k, 1)* x max(S./xk, 1)12% x 0.993%¢ x 1.018 [if female]. S, is serum creatinine in

Participants who underwent two biennial health screening
from 2017 to 2018 and 2019 to 2020 periods
(N =2,128,608)

- Death before January 1, 2022 in participants without
SARS-CoV-2 infection (n = 6,234)

- SARS-CoV-2 infection before January 1, 2021 (n = 12,871)

- Missing information for eGFR (n = 9,732)

- Missing information for other covariates (n = 2,026)

- eGFR < 60 mL/min/1.73 m?at both health screenings
(n =122,130)

- History of acute kidney injury or chronic kidney disease
(n =11,390)

Analytic cohort for the evaluation
on the risk for COVID-19
(n =1,964,295)

|
v v

No SARS-CoV-2 infection SARS-CoV-2 infection
(n =1,804,798) (n = 159,497)

- SARS-CoV-2 infection after
December 1, 2021 (n = 54,840)

Analytic cohort of patients with COVID-19 for the evaluation
on the risk of severe clinical outcomes (n = 104,587)

Fig. 1. Flow diagram for the inclusion of study populations.
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, eGFR = estimated glomerular filtration rate,
COVID-19 = coronavirus disease 2019.
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mg/dL, k is 0.7 for females and 0.9 for males, o is -0.329 for females and -0.411 for males.
According to the calculated eGFR, the kidney function status was categorized in two stages
according to the Kidney Disease Improving Global Outcomes (KDIGO) clinical practice
guideline: stage G1 and G2.12 Stage G1 was defined as an eGFR level of 90 mL/min/1.73 m?
or higher. Stage G2 was defined as an eGFR level between 60 and 89 mL/min/1.73 m?. By the
stages of eGFR in two consecutive health screenings, all participants were categorized into 4
levels as follows: 1) persistently stage G1, 2) from stage G2 to G1, 3) from stage G1 to G2, 4)
persistently stage G2. In addition, for the change in eGFR, it was defined by subtracting its
value of period I from period II.

Outcomes

The main outcome was a positive diagnosis of SARS-CoV-2 infection (based on the laboratory
result of real-time reverse transcription polymerase chain reaction assays using either
nasopharyngeal or oropharyngeal swabs) after January 1, 2021. The secondary outcome

was a composite term of severe clinical outcome of COVID-19 including requirement of
conventional oxygen therapy (COT), high-flow nasal cannula (HFNC), continuous positive
airway pressure (CPAP), admission to intensive care unit (ICU), requirement of mechanical
ventilation (MV), extracorporeal membrane oxygenation (ECMO), and death within following
month after the diagnosis of SARS-CoV-2 infection. If the same clinical event occurred one or
more times, it was counted as one for each patient.

Key variables

Age, sex, household income, moderate-to-vigorous physical activity (MVPA), body mass
index (BMI), alcohol consumption, smoking status, history of hypertension, diabetes
mellitus, dyslipidemia, comorbidities, COVID-19 vaccination status, and baseline eGFR value
(period I) were included for the adjusting covariates. Vaccination status was evaluated based
on the number of inoculated COVID-19 vaccines that were available in South Korea as follows:
BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna), ChAdOx1 nCoV-19 (AstraZeneca),
NVX-CoV2373 (Novavax), and Ad26.COV2.S (Janssen/Johnson & Johnson). Because the
additional dose of Ad26.COV2.S vaccine was not approved, a single vaccination of Ad26.
COV2.S was considered as two. Therefore, the vaccination status was categorized as 0, 1,

2, and 2 3. Those who were diagnosed with SARS-CoV-2 infection within 2 weeks after the
vaccination were considered as non-vaccinated and were not counted in the vaccination
status. MVPA was calculated by adding the frequency (times/week) of each moderate

and vigorous physical activity reported by self-questionnaires in the health screening.
Household income was evaluated by the insurance premium and classified by quartiles.
Smoking status was classified as ever smoker if smoked more than 100 cigarettes in their
lifetime or never smoker if not. Alcohol consumption was classified as a drinker or a non-
drinker. Comorbidities were calculated by Charlson Comorbidity Index (CCI) score using
accumulated medical records through NHIS, which was validated in a previous study.13 After
calculating the CCI score, we categorized it as O, 1, and > 2. The history of hypertension,
diabetes, and dyslipidemia was confirmed by the physician records which were reported
through the health screening.

Statistical analysis

We analyzed the association of eGFR with the risk of COVID-19 stratified by the change in
eGFR stage from period I (2017-2018) to II (2019-2020). The participants were followed-up
from January 1, 2021 to any diagnosis of COVID-19 or December 31, 2021, whichever happened
first. Values of continuous variables for each group were presented as mean (standard
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deviation; SD) and categorical variables as number (%). Baseline characteristics were defined
with the values measured in period II. The effect size by one-way ANOVA (> 0.01 = small; >
0.06 = medium; > 0.14 = large) for continuous and Cramer’s V (> 0.1 = small; > 0.3 = medium;
> 0.5 = large) for categorical variables were calculated to assess the mean differences between
groups.14 For the main analysis, we estimated the odds ratio using logistic regression. Age,
sex-adjusted logistic regression and multivariate-adjusted logistic regression by age, sex,
household income, MVPA, BMI, CCI, alcohol consumption, smoking status, history of
diabetes mellitus, hypertension, dyslipidemia, dose of COVID-19 vaccinations, and baseline
eGFR value (period I) were calculated to examine the association. The adjusted odds ratio
(aOR) was rounded off to 3 decimal places. In addition, when analyzing the association with
an increase in eGFR, it was calculated per 5 mL/min/1.73 m? Restricted cubic spline curves
were drawn to depict the non-linear association of change in eGFR with adjusted odds

ratio by 3 knots and O mL/min/1.73 m? (no change in eGFR) was set as a reference. For the
subgroup analysis, we analyzed stage G1 and G2 of period I with 5 mL/min/1.73 m? increase
of eGFR by age (> 65 or < 65), sex (men or women), CCI (0, 1, or > 2), COVID-19 vaccination
(none, 1st, 2nd, or > 3rd dose), history of hypertension (yes or no), diabetes (yes or no), and
dyslipidemia (yes or no), and tested the interaction to examine the subgroup differences.
Two-sided Pvalues of < 0.05 were regarded as statistically significant. All statistical analyses
were performed using SAS 9.4 (SAS Institute, Cary, NC, USA), R (version 3.6.2) and R Studio
(version 1.3.959) software (R Foundation for Statistical Computing, Vienna, Austria).

Ethics statement

This study was approved by the Institutional Review Board of CHA University Hospital (No.
CHAMC 2022-05-052) and was conducted in accordance with the STROBE guidelines.15 The
requirement for informed consent was waived because of anonymous data retrieved from the
K-COV-N cohort.

RESULTS

Baseline characteristics

We identified 159,427 patients with and 1,804,798 patients without SARS-CoV-2 infection

in the first analytic cohort. For the second analytic cohort, there were 14,016 patients

with severe clinical events among 104,587 patients with COVID-19. The mean * SD serum
creatinine (mg/dL) was 0.75 £ 0.15, 0.96 + 0.14, 0.78 + 0.15, 0.98 + 0.16 at health screening
period I (2017-2018) and 0.75 + 0.15, 0.77 £ 0.15, 0.96 + 0.15, 0.98 + 0.16 at health screening
period II (2019-2020) among patients with persistently stage G1, from stage G2 to G1, from
stage G1 to G2, and persistently stage G2, respectively. In addition, the mean + SD eGFR (mL/
min/1.73 m?) was 105.8 £ 10.6, 80.8 £ 6.7, 100.0 + 8.8, 77.5 £ 8.0 at period I and 105.2 + 10.4,
99.8 +8.3,80.8 £6.9, 77.1 + 8.0 at period Il among the same groups, respectively. Age differed
the most between the groups (effect size = 0.42), followed by the history of hypertension
(effect size = 0.17). However, the effect size of the baseline comorbidities between groups
was small, indicating low practical significance (Supplementary Table 1). Other baseline
characteristics are described in Table 1.

Association of eGFR with risk of SARS-CoV-2 infection

There were 159,427 COVID-19 patients during the follow-up. The number of SARS-CoV-2
infections according to the eGFR stages are shown in Table 2. The risk of SARS-CoV-2
infection showed a decrease when eGFR stage changed from stage G2 to G1 (aOR, 0.957;
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Table 1. Descriptive characteristics of the study participants by eGFR stages

Characteristics Persistently stage G1 ~ From stage G2 to G1 From stage G1to G2  Persistently stage G2  Effect size?

(n = 863,060) (n = 263,604) (n = 282,165) (n = 555,396)
Health screening period | (2017-2018)
Serum creatinine, mg/dL 0.75+0.15 0.96+0.14 0.78 +0.15 0.98+0.16 0.71
eGFR, mL/min/1.73 m? 105.8 £ 10.6 80.8+ 6.7 100.0+ 8.8 77.5+8.0 > 1.00
Health screening period Il (2019-2020)
Serum creatinine, mg/dL 0.75+0.15 0.77 +0.15 0.96 + 0.15 0.98+0.16 0.72
eGFR, mL/min/1.73 m? 105.2+ 10.4 99.8+8.3 80.8+6.9 77.1+8.0 >1.00
Age, yr 45.3+12.7 51.5+12.0 51.3+12.7 57.9+12.7 0.42
Sex 0.09
Men 414,856 (48.1) 132,344 (50.2) 146,822 (52.0) 325,737 (58.7)
Women 448,904 (51.9) 131,260 (49.8) 135,343 (48.0) 229,659 (41.4)
Household income 0.05
First quartile 174,291 (20.2) 55,596 (21.1) 59,017 (20.9) 114,337 (20.6)
Second quartile 188,786 (21.9) 59,411 (19.9) 56,457 (20.0) 100,376 (18.1)
Third quartile 248,124 (28.8) 69,053 (26.9) 75,256 (26.7) 133,169 (24.0)
Fourth quartile (highest) 251,859 + 99.2 86,614 = 32.9 91,435+ 32.4 207,514 + 37.4
Systolic blood pressure, mmHg 123.0+ 14.3 124.8 + 14.4 124.6 + 14.4 126.8 + 14.5 0.11
Diastolic blood pressure, mmHg 76.5+10.1 77.3 +10.0 77.4+10.0 77.8+9.9 0.06
Body mass index, kg/m? 24.2 + 3.8 24.5+ 3.5 24.5+ 3.5 24.7 + 3.3 0.06
Triglyceride, mg/dL 133.3+£106.1 136.1+ 100.6 131.9+£98.2 135.0 £ 94.6 0.01
Cigarette smoking 0.04
Non-smoker 555,656 (64.4) 167,783 (63.7) 176,164 (62.4) 332,889 (59.9)
Smoker 307,404 (35.6) 95,821 (36.4) 106,001 (37.6) 299,507 (40.1)
Alcohol consumption 0.10
Yes 583,615 (67.6) 163,195 (61.9) 174,567 (61.9) 309,590 (55.7)
No 979,445 (32.4) 100,409 (38.1) 107,598 (38.1) 945,806 (44.3)
MVPA <0.001 0.03
0 time/wk 231,259 (26.8) 70,570 (26.8) 70,225 (24.9) 140,156 (25.2)
1-2 time/wk 158,686 (18.4) 45,352 (17.2) 47,146 (16.7) 83,364 (15.0)
3-4 time/wk 172,756 (20.0) 59,196 (19.8) 56,169 (19.9) 108,597 (19.6)
> 5 time/wk 300,359 (34.8) 95,486 (36.2) 108,625 (38.5) 293,279 (40.2)
Hypertension 128,412 (14.9) 57,262 (21.7) 62,400 (22.1) 174,521 (31.4) 0.17
Diabetes 57,528 (6.7) 29,911 (8.4) 94,730 (8.8) 64,671 (11.6) 0.07
Dyslipidemia 75,369 (8.7) 33,265 (12.6) 35,263 (12.5) 91,259 (16.4) 0.10
Charlson comorbidity index 0.09
0 399,946 (46.3) 106,522 (40.4) 115,673 (41.0) 194,321 (35.0)
1 278,647 (32.3) 85,065 (32.3) 89,368 (31.7) 171,769 (30.9)
>9 184,467 (21.4) 792,017 (27.3) 77,124 (27.3) 189,306 (34.1)
COVID-19 vaccination 0.10
None 64,973 (7.5) 16,664 (6.3) 17,492 (6.2) 28,372 (5.1)
1st dose 93,593 (2.7) 5,839 (2.2) 6,313 (2.2) 9,583 (1.7)
ond dose 437,086 (50.6) 112,416 (42.7) 129,155 (43.3) 187,256 (33.7)
> 3rd dose 337,478 (39.1) 128,685 (48.8) 136,205 (48.3) 330,185 (59.5)

Data shown are mean + standard deviation or number (%). Baseline was defined as the NHIS health screening period 11 (2019-2020). According to the calculated
eGFR, the kidney function status was categorized in two stages according to the KDIGO clinical practice guideline: 1) stage G1 was defined as an eGFR level of 90
mL/min/1.73 m? or higher; 2) stage G2 was defined as an eGFR level between 60 and 89 mL/min/1.73 m?. By the eGFR stages in two consecutive health screenings
(period | [2017-2018] and period 1l [2019-2020]), all participants were categorized into 4 levels as follows: 1) persistently stage G1, 2) from stage G2 to G1, 3) from

stage G1to G2, 4) persistently stage G2.

eGFR = estimated glomerular filtration rate, MVPA = moderate-to-vigorous physical activity, COVID-19 = coronavirus disease 2019, NHIS = National Health
Insurance Service, KDIGO = Kidney Disease Improving Global Outcomes, ANOVA = analysis of variance.

*The effect size was calculated by one-way ANOVA (> 0.01 = small; > 0.06 = medium; > 0.14 = large) for continuous or Cramer’s V (> 0.1 = small; > 0.3 = medium; >
0.5 = large) for categorical variables, respectively.1

95% confidence interval [CI], 0.938-0.977) and with persistently stage G1 (aOR, 0.966;

95% CI, 0.943-0.990) (Table 2). In addition, the change in eGFR was inversely associated
with the risk of SARS-CoV-2 infection in both stages at period I (Fig. 2). When analyzing

the association by an increase in eGFR between each period, the odds per 5 mL/min/1.73 m?
increase in eGFR showed a decrease for both stages at period I (aOR in stage G1, 0.994; 95%
CI, 0.990-0.997; aOR in stage G2, 0.995; 95% CI, 0.991-0.999) (Supplementary Table 2).
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Table 2. Association of change in eGFR stage with risk of SARS-CoV-2 infection between period | (2017-2018) and 11 (2019-2020)

Variables Change in eGFR stage from period | to Il P for trend
Persistently stage G2 From stage G1 to G2 From stage G2 to G1 Persistently stage G1
(n = 555,396) (n = 282,165) (n = 263,604) (n = 863,060)
Event number 44,595 23,298 21,517 70,017
Age, sex-adjusted OR (95% ClI) 1.000 (Reference) 1.037 (1.020-1.055)"""  1.024 (1.006-1.041)""  1.024 (1.010-1.037)""" <0.001

Hxk

Multivariable-adjusted OR (95% CI)? 1.000 (Reference) ~ 0.981(0.957-1.006)  0.957 (0.938-0.977)""  0.966 (0.943-0.990)" <0.001

The staging of eGFR was classified as G1 (€GFR > 90 mL/min/1.73 m?) or G2 (eGFR 60-89 mL/min/1.73 m?) based on the measurement for each period using CKD-
EPI formula. OR was calculated using logistic regression.

eGFR = estimated glomerular filtration rate, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, CKD-EPI = Chronic Kidney Disease Epidemiology
Collaboration, OR = odds ratio, Cl = confidence interval, COVID-19 = coronavirus disease 2019.

20R was adjusted for age, sex, household income, body mass index, hypertension, diabetes, dyslipidemia, Charlson comorbidity index, smoking, alcohol
consumption, dose of COVID-19 vaccination, and baseline eGFR value (period 1).

P <0.05, ""P<0.01, P < 0.001.

A Stage G1 at period | (2017-2018) B Stage G2 at period | (2017-2018)
1.2 1.2

11 IR
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Fig. 2. Graphical visualization of the association of change in eGFR with risk of SARS-CoV-2 infection. Odds ratio was calculated after adjustments for age, sex,
household income, body mass index, hypertension, diabetes, dyslipidemia, Charlson comorbidity index, smoking, alcohol consumption, dose of COVID-19
vaccination, and baseline eGFR value (period I). Restricted cubic spline curves were drawn by 3 knots with 0 mL/min/1.73 m? (no change in eGFR) set as a
reference. The blue line represents the adjusted odds ratio and shaded area represents the 95% CI. (A) Association of change in eGFR from health screening
period I (2017-2018) to period Il (2019-2020) in patients with eGFR stage G1 at period | (2017-2018). (B) Association of change in eGFR from health screening
period | (2017-2018) to period Il (2019-2020) in patients with eGFR stage G2 at period | (2017-2018).

eGFR = estimated glomerular filtration rate, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, COVID-19 = coronavirus disease 2019, Cl =
confidence interval.

Association of eGFR with risk of severe clinical events of COVID-19

There were 14,016 severe clinical events that occurred within the following month after the
diagnosis of SARS-CoV-2 infection. The requirement of COT happened the most (n = 13,515),
while the requirement of CPAP happened the least (n = 59). Compared with those who were
persistently stage G2, the overall risk of severe COVID-19 was lowest among those with
persistently stage G1 (aOR, 0.897; 95% CI, 0.827-0.972), followed by those from stage G1 to
G2 (aOR, 0.900; 95% CI, 0.828-0.978) and those from stage G2 to G1 (aOR 0.931; 95% CI,
0.871-0.995). Moreover, those who were persistently stage G1 showed a lower risk compared
with those who were persistently stage G2 in COT (aOR, 0.911; 95% CI, 0.840-0.988), HFNC
(aOR, 0.819; 95% CI, 0.690-0.972), ICU (aOR, 0.752; 95% CI, 0.593-0.952) (Table 3).
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Table 3. aORs for severe clinical outcomes of COVID-19 according to the change in eGFR stages among participants with SARS-CoV-2 infection

Variables From period | (2017-2018) to 11 (2019-2020)
Persistently stage G2 From stage G1 to G2 From stage G2 to G1 Persistently stage G1 P for trend
(n = 44,595) (n = 23,298) (n=21,517) (n=70,017)

Overall

Event number 5,325 2,029 1,887 4,775

aOR (95% Cl) 1.000 (reference) 0.900 (0.828-0.978)" 0.931 (0.871-0.995)" 0.897 (0.827-0.972)"" 0.024
coTt

Event number 5,092 1,955 1,809 4,659

aOR (95% Cl) 1.000 (reference) 0.913 (0.840-0.993)" 0.934 (0.874-0.999)" 0.911 (0.840-0.988)" 0.064
HFNC

Event number 1,231 414 359 762

aOR (95% Cl) 1.000 (reference) 0.936 (0.788-1.112) 0.922 (0.802-1.060) 0.819 (0.690-0.972)" 0.085
CPAP

Event number 29 8 12 10

aOR (95% Cl) 1.000 (reference) 1.271 (0.354-4.568) 1.487 (0.657-3.365) 1.340 (0.393-4.566) 0.819
MV

Event number 471 139 121 210

aOR (95% Cl) 1.000 (reference) 0.944 (0.707-1.263) 0.892 (0.697-1.142) 0.803 (0.599-1.076) 0.394
ICU

Event number 605 188 178 342

aOR (95% Cl) 1.000 (reference) 0.831 (0.654-1.057) 0.912 (0.750-1.108) 0.752 (0.593-0.952)" 0.13
ECMO

Event number 72 18 20 42

aOR (95% CI) 1.000 (reference) 0.562 (0.281-1.124) 0.850 (0.502-1.441) 0.546 (0.283-1.052) 0.294
Death

Event number 366 84 78 91

aOR (95% CI) 1.000 (reference) 1.2922 (0.803-1.859) 1.257 (0.882-1.791) 0.937 (0.597-1.470) 0.331

The staging of eGFR was classified as G1 (eGFR > 90 mL/min/1.73 m?) or G2 (eGFR 60-89 mL/min/1.73 m?) based on the measurement for each period using
CKD-EPI formula. aOR was calculated using logistic regression after adjustments for age, sex, household income, body mass index, hypertension, diabetes,
dyslipidemia, Charlson comorbidity index, smoking, alcohol consumption, dose of COVID-19 vaccination, and baseline eGFR value (period I).
aOR = adjusted odds ratio, COVID-19 = coronavirus disease 2019, eGFR = estimated glomerular filtration rate, SARS-CoV-2 = severe acute respiratory syndrome
coronavirus 2, Cl = confidence interval, COT = conventional oxygen therapy, HFNC = high-flow nasal cannula, CPAP = continuous positive airway pressure, ICU =
intensive care unit, MV = mechanical ventilation, ECMO = extracorporeal membrane oxygenation, CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration.

"P<0.05, P <0.01.

https://jkms.org

However, the odds per 5 mL/min/1.73 m? increase in eGFR did not reveal to have any

association with severe clinical events (Supplementary Table 3).

Subgroup analyses
Subgroup analyses were conducted by stratifying age, sex, CCI, COVID-19 vaccination,
hypertension, diabetes, and dyslipidemia with aOR calculated by 5 mL/min/1.73 m? increase
of eGFR. For those who were stage G1 at period I, patients who were age < 65, with 0 CCI,

without hypertension, diabetes, and dyslipidemia showed a lower risk of SARS-CoV-2
infection (Supplementary Table 4). The association was consistent for those who were stage
G2 at period I (Supplementary Table 5). For both stages, the increase in eGFR level did not
have any association with COVID-19 when vaccinated for > 2nd dose of COVID-19. In contrast,
when analyzing the risk of severe COVID-19, only age below 65 years showed lower risk when
eGFR increased in both stages at period I (Supplementary Tables 6 and 7).

DISCUSSION

To the best of our knowledge, this is the first large-scale study to investigate the changes in
eGFR with the risk of COVID-19. Our study demonstrated that an increase in eGFR within
normal to mildly decreased levels is negatively associated with the risk of SARS-CoV-2
infection. For the risk of severe clinical events of COVID-19, those who were persistently stage

https://doi.org/10.3346/jkms.2023.38.e415
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G1 showed a lower risk compared with those who were persistently stage G2. However, the
increase in eGFR showed a limited association with severe COVID-19.

The inverse association between eGFR and the risk of COVID-19-related outcomes was
shown by some previous studies. In a retrospective analysis of 231 patients with SARS-CoV-2
infection, eGFR increase per 10 mL/min/1.73 m? showed a 7% risk-lowering effect with severe
outcomes including ICU admission or death.16 However, the eGFR measurement was held

at the admission for suspected SARS-CoV-2 infection, which is different from our study that
we measured it before the infection occurred. In addition, the previous study included those
with eGFR < 60 mL/min/1.73 m?, which was comprised of 38% acute kidney injury patients.
Therefore, the association with the baseline eGFR and the severe outcomes of COVID-19 may
have been underestimated.

Using the Danish healthcare system, Carlson et al.8 reported that eGFR was inversely
associated with the risk of SARS-CoV-2 infection and severe COVID-19 (ICU admission or
requirement of MV), which was similar to the results of our study. In a retrospective cohort
study of 18,105 patients, the authors reported that those with stage G2 showed a 13% higher
risk of SARS-CoV-2 infection and 44% higher risk of severe COVID-19 compared with stage
G1. In addition, the standardized risk of severe COVID-19 was 2.0% higher from stage

G2 to G1, and thereby we could assume that an increase in eGFR lowers the risk of severe
COVID-19. Our results showed a lower risk-lowering effect (10%) when comparing those with
persistently stage G1 to persistently stage G2. The explanation for the difference in observed
risks can be accounted for by the measurement of eGFR based on its trajectory with two
consecutive health screening tests, which allows tracking the change in eGFR and examining
the true association.

Even though we could not provide any interventions for eGFR restoration, our subgroup
analyses suggest that participants who are younger and healthier (no comorbidities) may
benefit from improved eGFR value. Those who are already considered as low-risk group for
COVID-19 could also mildly benefit by improving their kidney function. As many studies
focused on the impact of decreased kidney function and its related outcomes, focusing on
the improved state and its contributing factor could also be important on understanding

the nature of COVID-19 with kidney function. Although renal function improvement and
COVID-19 is mostly unknown, homeostasis of the immune system by improved renal
function may influence the susceptibility of COVID-19, which is mostly influenced by age and
comorbidity.1718

The possible mechanisms for reduced risk of COVID-19-related outcomes by increased eGFR
include an immunoprotective effect due to decreased angiotensin-converting enzyme (ACE)/
ACE2 ratio. Higher ACE/ACE2 ratio induced via the ACE-Ang II-AT1 axis is detected in various
disease conditions and is inversely correlated with GFR levels.19,20 After the virus enters the
cell, it downregulates ACE2 and causes an imbalance in the ACE/ACE2 ratio.2! Therefore,
higher ACE/ACE2 ratio induced by impaired baseline condition could be detrimental

in SARS-CoV-2 infection that could accelerate the dysregulated systemic inflammatory
response, causing severe COVID-19.22 Conversely, lower ACE/ACE2 ratio, which is associated
with exercise and high GFR levels, could reduce the risk of worsening SARS-CoV-2 infection
as the subsequent inflammatory reaction is determined by the predisposing ACE/ACE2 ratio
which is responsible for modulating reactive oxygen and cytokine.22 In addition, higher
ACE/ACE2 ratio are also observed in early chronic kidney disease or mild renal dysfunction,
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which may be crucial in severe COVID-19.20,23 Even though there are no direct studies that
compared the renal function and ACE/ACE2 ratio between stage G1 and G2, Wang et al.24
showed the inverse correlation by eGFR ranging from 20 to 140 mL/min/1.73 m? which may
partially explain our results.

The present study has several limitations. First, eGFR could not be calculated by other
filtration markers (e.g., cystatin C) that could validate our results. However, eGFR
measurement using CKD-EPI formula is suggested for general use and has less bias when
measuring eGFR > 60 mL/min/1.73 m?, which is recommended by KDIGO.25:26 Second, the
patients were not categorized by CKD stage that has higher clinical applicability. Although
there are some studies that defined CKD stages using only eGFR, it is hard to trust due to
the lack of other biomarkers that show kidney damage (e.g., urine albumin-creatinine ratio).
However, only 5% of Korean patients with eGFR G1-G2 were reported to have urine albumin-
to-creatinine ratio > 30 mg/g, which is classified as CKD.27 Therefore, further studies

are needed to adjust the association of eGFR and the risk of COVID-19-related outcomes
using other biomarkers to define CKD progression. Third, there is a lack of evidence that
therapeutic interventions for increasing eGFR could prevent or lower the risk of COVID-19.
However, there are many longitudinal studies that reported the non-linear trajectory of
kidney function?8:29 and need further investigation associated with its trajectory and the
effect on the susceptibility of COVID-19.30,31 Finally, our dataset could not fully explain the
association by ACE inhibitors and angiotensin II receptor blockers (ARB), which is known
to affect the ACE/ACE2 ratio. Our dataset consists of anonymized hypertension medication
data (includes not only ACE inhibitors and ARB but also calcium channel blocker, diuretics,
etc.) following the policy of the NHIS to reduce the likelihood of exposure to certain
pharmaceutical companies.

An increase in eGFR was negatively associated with the risk of SARS-CoV-2 infection but

not with severe clinical events of COVID-19 among those with normal to mildly decreased
kidney function. For the risk of severe COVID-19, maintaining higher baseline eGFR (> 90
mL/min/1.73 m?) was associated with a lower risk and thereby suggests higher baseline eGFR
within normal range as a protective factor against severe COVID-19.

ACKNOWLEDGMENTS

This study used the database of the Korea Disease Control and Prevention Agency (KDCA)
and the National Health Insurance Service (NHIS) for policy and academic research. The
research number of this study is KDCA-NHIS-2022-1-573. We thank the NHIS and KDCA for
sharing national cohorts for research purposes and every frontline healthcare worker for their
commitment and dedication in this pandemic era.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Baseline comorbidities of the study participants

Click here to view

https://doi.org/10.3346/jkms.2023.38.e415 10/13


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e415&fn=jkms-38-e415-s001.doc

Estimated GFR and COVID-19

JKMS

https://jkms.org

Supplementary Table 2
Association of change in eGFR with risk of SARS-CoV-2 infection between period I (2017~
2018) and II (2019-2020)

Click here to view

Supplementary Table 3

aORs with 95% CI for severe clinical outcomes of COVID-19 according to the increase in
eGFR per 5 mL/min/1.73 m? among participants with SARS-CoV-2 infection stratified by
eGEFR stage

Click here to view

Supplementary Table 4
Stratified analyses on the association of the increase in eGFR with risk of COVID-19 infection
among participants with stage G1 at period I (2017-2018)

Click here to view

Supplementary Table 5
Stratified analyses on the association of increase in eGFR with risk of COVID-19 infection
among participants with stage G2 at period I (2017-2018)

Click here to view

Supplementary Table 6
Stratified analyses on the association of increase in eGFR with risk of severe COVID-19 among
participants with stage G1 at period I (2017-2018)

Click here to view

Supplementary Table 7
Stratified analyses on the association of increase in eGFR with risk of severe COVID-19 among
participants with stage G2 at period I (2017-2018)

Click here to view

REFERENCES

1. Clark A, Jit M, Warren-Gash C, Guthrie B, Wang HHX, Mercer SW, et al. Global, regional, and national
estimates of the population at increased risk of severe COVID-19 due to underlying health conditions in
2020: a modelling study. Lancet Glob Health 2020;8(8):e1003-17.

PUBMED | CROSSREF

2. Dijls BG, Jolani S, Atherley A, Derckx RT, Dijkstra JI, Franssen GH, et al. Demographic risk factors
for COVID-19 infection, severity, ICU admission and death: a meta-analysis of 59 studies. BMJ Open
2021;11(1):e044640.

PUBMED | CROSSREF

3. ERA-EDTA CouncilERACODA Working Group. Chronic kidney disease is a key risk factor for severe
COVID-19: a call to action by the ERA-EDTA. Nephrol Dial Transplant 2020;36(1):87-94.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2023.38.e415 11/13


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e415&fn=jkms-38-e415-s002.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e415&fn=jkms-38-e415-s003.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e415&fn=jkms-38-e415-s004.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e415&fn=jkms-38-e415-s005.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e415&fn=jkms-38-e415-s006.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e415&fn=jkms-38-e415-s007.doc
http://www.ncbi.nlm.nih.gov/pubmed/32553130
https://doi.org/10.1016/S2214-109X(20)30264-3
http://www.ncbi.nlm.nih.gov/pubmed/33431495
https://doi.org/10.1136/bmjopen-2020-044640
http://www.ncbi.nlm.nih.gov/pubmed/33340043
https://doi.org/10.1093/ndt/gfaa314

Estimated GFR and COVID-19

JKMS

https://jkms.org

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

Gansevoort RT, Hilbrands LB. CKD is a key risk factor for COVID-19 mortality. Nat Rev Nephrol
2020;16(12):705-6.

PUBMED | CROSSREF

de Lusignan S, Dorward J, Correa A, Jones N, Akinyemi O, Amirthalingam G, et al. Risk factors for SARS-
CoV-2 among patients in the Oxford Royal College of General Practitioners Research and Surveillance
Centre primary care network: a cross-sectional study. Lancet Infect Dis 2020;20(9):1034-42.

PUBMED | CROSSREF

Syed-Ahmed M, Narayanan M. Immune dysfunction and risk of infection in chronic kidney disease. Adv
Chronic Kidney Dis 2019;26(1):8-15.

PUBMED | CROSSREF

Cohen G, Haag-Weber M, Horl WH. Immune dysfunction in uremia. Kidney Int Suppl 1997;62:579-82.
PUBMED

Carlson N, Nelveg-Kristensen KE, Freese Ballegaard E, Feldt-Rasmussen B, Hornum M, Kamper AL, et al.
Increased vulnerability to COVID-19 in chronic kidney disease. J Intern Med 2021;290(1):166-78.

PUBMED | CROSSREF

Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al. Factors associated with
COVID-19-related death using OpenSAFELY. Nature 2020;584(7821):430-6.
PUBMED | CROSSREF

Kim HK, Song SO, NohJ, Jeong IK, Lee BW. Data configuration and publication trends for the Korean
National Health Insurance and Health Insurance Review & Assessment Database. Diabetes Metab |
2020;44(5):671-8.

PUBMED | CROSSREF

Seong SC, Kim YY, Park SK, Khang YH, Kim HC, Park JH, et al. Cohort profile: the National

Health Insurance Service-National Health Screening Cohort (NHIS-HEALS) in Korea. BM] Open
2017;7(9):e016640.

PUBMED | CROSSREF

Levin A, Stevens PE. Summary of KDIGO 2012 CKD Guideline: behind the scenes, need for guidance, and
a framework for moving forward. Kidney Int 2014;85(1):49-61.

PUBMED | CROSSREF

Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and validating the Charlson
comorbidity index and score for risk adjustment in hospital discharge abstracts using data from 6
countries. Am | Epidemiol 2011;173(6):676-82.

PUBMED | CROSSREF

CohenJ. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. New York, NY, USA: Routledge; 2013.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. BMJ2007;335(7624):806-8.

PUBMED | CROSSREF

Mirijello A, Piscitelli P, de Matthaeis A, Inglese M, D’Errico MM, Massa V, et al. Low eGFR Is a strong
predictor of worse outcome in hospitalized COVID-19 patients. ] Clin Med 2021;10(22):5224.

PUBMED | CROSSREF

TecklenborgJ, Clayton D, Siebert S, Coley SM. The role of the immune system in kidney disease. Clin Exp
Immunol 2018;192(2):142-50.

PUBMED | CROSSREF

ChiM, Tian Z, Ma K, Li Y, Wang L, Nasser MJ, et al. The diseased kidney: aging and senescent
immunology. Immun Ageing 2022;19(1):58.

PUBMED | CROSSREF

Mizuiri S, Ohashi Y. ACE and ACE2 in kidney disease. World | Nephrol 2015;4(1):74-82.

PUBMED | CROSSREF

Nadarajah R, Milagres R, Dilauro M, Gutsol A, Xiao F, Zimpelmann J, et al. Podocyte-specific
overexpression of human angiotensin-converting enzyme 2 attenuates diabetic nephropathy in mice.
Kidney Int 2012;82(3):292-303.

PUBMED | CROSSREF

Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al. Angiotensin-converting enzyme 2 is a
functional receptor for the SARS coronavirus. Nature 2003;426(6965):450-4.

PUBMED | CROSSREF

Pagliaro P, Penna C. ACE/ACE2 ratio: a key also in 2019 coronavirus disease (Covid-19)? Front Med
(Lausanne) 2020;7:335.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2023.38.e415 12/13


http://www.ncbi.nlm.nih.gov/pubmed/32848205
https://doi.org/10.1038/s41581-020-00349-4
http://www.ncbi.nlm.nih.gov/pubmed/32422204
https://doi.org/10.1016/S1473-3099(20)30371-6
http://www.ncbi.nlm.nih.gov/pubmed/30876622
https://doi.org/10.1053/j.ackd.2019.01.004
http://www.ncbi.nlm.nih.gov/pubmed/9350688
http://www.ncbi.nlm.nih.gov/pubmed/33452733
https://doi.org/10.1111/joim.13239
http://www.ncbi.nlm.nih.gov/pubmed/32640463
https://doi.org/10.1038/s41586-020-2521-4
http://www.ncbi.nlm.nih.gov/pubmed/33115211
https://doi.org/10.4093/dmj.2020.0207
http://www.ncbi.nlm.nih.gov/pubmed/28947447
https://doi.org/10.1136/bmjopen-2017-016640
http://www.ncbi.nlm.nih.gov/pubmed/24284513
https://doi.org/10.1038/ki.2013.444
http://www.ncbi.nlm.nih.gov/pubmed/21330339
https://doi.org/10.1093/aje/kwq433
http://www.ncbi.nlm.nih.gov/pubmed/17947786
https://doi.org/10.1136/bmj.39335.541782.AD
http://www.ncbi.nlm.nih.gov/pubmed/34830506
https://doi.org/10.3390/jcm10225224
http://www.ncbi.nlm.nih.gov/pubmed/29453850
https://doi.org/10.1111/cei.13119
http://www.ncbi.nlm.nih.gov/pubmed/36384564
https://doi.org/10.1186/s12979-022-00313-9
http://www.ncbi.nlm.nih.gov/pubmed/25664248
https://doi.org/10.5527/wjn.v4.i1.74
http://www.ncbi.nlm.nih.gov/pubmed/22475818
https://doi.org/10.1038/ki.2012.83
http://www.ncbi.nlm.nih.gov/pubmed/14647384
https://doi.org/10.1038/nature02145
http://www.ncbi.nlm.nih.gov/pubmed/32626721
https://doi.org/10.3389/fmed.2020.00335

Estimated GFR and COVID-19

JKMS

https://jkms.org

23. Dilauro M, Zimpelmann J, Robertson SJ, Genest D, Burns KD. Effect of ACE2 and angiotensin-(1-7) in a
mouse model of early chronic kidney disease. Am J Physiol Renal Physiol 2010;298(6):F1523-32.
PUBMED | CROSSREF

24. Wang G, Lai FM, Kwan BC, Lai KB, Chow KM, Li PK, et al. Expression of ACE and ACE2 in patients with
hypertensive nephrosclerosis. Kidney Blood Press Res 2011;34(3):141-9.
PUBMED | CROSSREF

25. Levey AS, Inker LA, Coresh J. GFR estimation: from physiology to public health. Am J Kidney Dis
2014;63(5):820-34.
PUBMED | CROSSREF

26. Levey AS, Titan SM, Powe NR, Coresh J, Inker LA. Kidney disease, race, and GFR estimation. ClinJ Am Soc
Nephrol 2020;15(8):1203-12.
PUBMED | CROSSREF

27. Park]I, Baek H, Jung HH. Prevalence of chronic kidney disease in Korea: the Korean National Health and
Nutritional Examination Survey 2011-2013. ] Korean Med Sci 2016;31(6):915-23.
PUBMED | CROSSREF

28. Hu B, Gadegbeku C, Lipkowitz MS, Rostand S, Lewis J, Wright JT, et al. Kidney function can improve in
patients with hypertensive CKD. ] Am Soc Nephrol 2012;23(4):706-13.
PUBMED | CROSSREF

29. Weis L, Metzger M, Haymann JP, Thervet E, Flamant M, Vrtovsnik F, et al. Renal function can improve at
any stage of chronic kidney disease. PLoS One 2013;8(12):81835.
PUBMED | CROSSREF

30. Toyama K, Sugiyama S, Oka H, Sumida H, Ogawa H. Exercise therapy correlates with improving renal
function through modifying lipid metabolism in patients with cardiovascular disease and chronic kidney
disease. J Cardiol 2010;56(2):142-6.
PUBMED | CROSSREF

31. van Westing AC, Kiipers LK, Geleijnse JM. Diet and kidney function: a literature review. Curr Hypertens Rep
2020;22(2):14.
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2023.38.e415 13/13


http://www.ncbi.nlm.nih.gov/pubmed/20357030
https://doi.org/10.1152/ajprenal.00426.2009
http://www.ncbi.nlm.nih.gov/pubmed/21346373
https://doi.org/10.1159/000324521
http://www.ncbi.nlm.nih.gov/pubmed/24485147
https://doi.org/10.1053/j.ajkd.2013.12.006
http://www.ncbi.nlm.nih.gov/pubmed/32393465
https://doi.org/10.2215/CJN.12791019
http://www.ncbi.nlm.nih.gov/pubmed/27247501
https://doi.org/10.3346/jkms.2016.31.6.915
http://www.ncbi.nlm.nih.gov/pubmed/22402803
https://doi.org/10.1681/ASN.2011050456
http://www.ncbi.nlm.nih.gov/pubmed/24349134
https://doi.org/10.1371/journal.pone.0081835
http://www.ncbi.nlm.nih.gov/pubmed/20696551
https://doi.org/10.1016/j.jjcc.2010.06.007
http://www.ncbi.nlm.nih.gov/pubmed/32016564
https://doi.org/10.1007/s11906-020-1020-1

	Increased Estimated GFR Is Negatively Associated With the Risk of SARS-CoV-2 Infection and Severe COVID-19 Within Normal to Mildly Decreased Levels: Nested Case-Control Study
	INTRODUCTION
	METHODS
	Study population
	Exposures
	Outcomes
	Key variables
	Statistical analysis
	Ethics statement

	RESULTS
	Association of eGFR with risk of SARS-CoV-2 infection
	Association of eGFR with risk of severe clinical events of COVID-19
	Subgroup analyses

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Table 4
	Supplementary Table 5
	Supplementary Table 6
	Supplementary Table 7

	REFERENCES


