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Introduction
In late 2019, a novel coronavirus, known as the severe 
acute respiratory syndrome coronavirus 2  (SARS‑Cov‑2), 
was recognized as the cause of coronavirus disease 
2019  (COVID‑19). This infectious disease first emerged in 
Wuhan, China, and rapidly spread to several countries across 
the world.[1,2] The infection has a broad range of clinical 
manifestations ranging from symptoms mimicking common 

cold to acute respiratory distress syndrome and septic shock.[3‑5] 
Previous studies have shown that elderly patients and those 
with comorbidities such as obesity, cardiovascular disorders, 
diabetes mellitus, chronic obstructive pulmonary disease, 
cancer, and renal failure have a greater risk of mortality, and 
severe disease from COVID‑19 compared with the general 
population.[6,7] As a result, special attention should be devoted 
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to COVID‑19  patients with comorbidities by healthcare 
professionals and researchers.

Several conditions such as older age, the presence of comorbidities, 
increased inflammatory state, and immunodeficiency in chronic 
kidney disease (CKD) patients make them more vulnerable 
to the infection. However, studies investigating COVID‑19 
in CKD patients are scarce. Few studies have been revealed 
that COVID‑19 patients with CKD are subjected to increased 
risk of severe disease and mortality.[8‑12] To our knowledge, no 
previous study has investigated whether CKD is an independent 
predictor of mortality in COVID‑19 patients. In this study, we 
aimed to explore (a) the association between CKD and the risk 
of in‑hospital mortality in COVID‑19 patients and (b) possible 
factors that mediate the association such as age, clinical, and 
laboratory findings. The results of this study can help physicians 
in defining treatment targets to improve survival rate in 
COVID‑19 patients with CKD.

Materials and Methods
Study design and patients
This observational, case‑control study was performed on real 
time reverse transcription polymerase chain reaction confirmed 
COVID‑19 patients or based on typical chest computerized 
tomography (CT) scan, hospitalized from March 21 to July 21, 
2020, at four referral hospitals of COVID‑19 disease, Isfahan, 
Iran. The protocol of the study was approved by the ethics 
committee of Isfahan University of Medical Sciences  (no. 
IR.MUI.MED.REC.1399.155), and the need for an informed 
consent form was waved. The cases comprised hospitalized adult 
COVID‑19 patients diagnosed as CKD stages 3 to 5 ND (eGFR 
lower than 60 mL/min/1.73 m2) 3  months ago. However, 
non‑CKD patients hospitalized for COVID‑19 were considered 
as controls. Patients who received dialysis and those who were 
diagnosed with acute renal injury were excluded from the study.

Data collection
All information was extracted from medical records onto a 
standard research‑made checklist by a trained medical staff. 
The following information was collected for all patients: 
demographics (age (year) and sex), current smoking, underlying 
diseases (based on Charlson comorbidity score), signs/symptoms 
(fever, cough, shortness of breath, sputum, fatigue, headache, 
nausea, vomiting, diarrhea, abdominal pain, and loss of 
appetite), complications (gastrointestinal bleeding and sepsis), 
biochemical data on admission (white blood cell count (103/µL), 
lymphocytes (103/µL), platelet (103/µL), hemoglobin (g/dl), 
serum creatinine (mg/dl), sodium (mEq/L), potassium (mEq/L), 
calcium  (mg/dL), lactate dehydrogenase  (U/L), creatinine 
phosphokinase (U/L), erythrocyte sedimentation rate (mm/hr), 
and high sensitivity‑c‑reactive protein (mg/dL)), radiological 
data (ground‑glass opacity, bilateral sub‑pleuritic consolidation, 
and bilateral ground‑glass opacity), duration of intensive care 
unit  (ICU) stay  (days), oxygen saturation  (SpO2)  (%) and 
respiratory rate  (per minute) on admission, administered 
drugs (antivirals, antibiotics, corticosteroids, and interferons) 

according to national protocol of that date, and disease 
severity (sever). Patients who met one of the following criteria 
were considered as severe cases: respiratory rate ≥30 bpm, 
oxygen saturation (SpO2) ≤93% at rest, and the ratio of the 
partial pressure of arterial oxygen to fraction of inspired 
oxygen (FIO2) ≤300 mmHg.[13]

Statistical analysis
Data are presented as mean ± standard deviation for continuous 
variables with a normal distribution, median  (interquartile 
range) for continuous variables with a non‑normal distribution, 
and as frequency  (%) for categorical variables. Student’s 
t‑test and the Mann–Whitney U‑test were used for comparing 
continuous variables with normal and non‑normal distributions, 
respectively. Categorical variables were compared using the 
Chi‑squared or Fisher exact tests.

Univariate and multivariable binomial logistic regression 
were used to explore the association of CKD with the risk 
of in‑hospital mortality. In univariate logistic regression, the 
association CKD with the risk of mortality was evaluated and in 
multivariable logistic regression, the association of CKD with 
the risk of mortality in the presence of effective confounders 
was evaluated. In the first multivariable logistic regression, 
the effects of age were adjusted. In the second model, further 
adjustment was made for sepsis, the ICU admission duration, 
and intubation. In the third multivariable logistic regression, the 
association of CKD with in‑hospital mortality was evaluated in 
the presence of second model’s confounder along with disease 
severity and Charlson comorbidity score. Fourth multivariable 
logistic regression model was adjusted additionally for high 
sensitivity‑c‑reactive protein at admission and finally in fifth 
model, further adjustment was conducted for hemoglobin and 
white blood cell. The results of logistic regression were reported 
as Odds ratios  (ORs) and 95% confidence intervals  (CIs). 
All statistical analyses were conducted for total sample and 
separately in women and men using Statistical Package for 
Social Sciences version 16 (SPSS Inc., Chicago, IL, USA).

Results
Comparing cases to controls across the total sample and 
gender subgroups
Basic characteristics
Basic characteristics of studies population are summarized 
in Table  1. The study population comprised a total of 
116  cases  (63.79% males and 36.21% females) and 147 
controls (55.78% males and 44.22% females). The mean age in 
the case group was significantly higher than the control group 
across the total sample (70.66 ± 15.70 vs 54.43 ± 16.14) and 
gender subgroups (females: 68.12 ± 16.07 vs 56.42 ± 17.16, 
males: 72.09 ± 15.39 vs 52.85 ± 15.21) (P < 0.05). The mean 
of Charlson comorbidity score was also significantly different 
between cases and controls in the total sample (6.32 ± 2.19 
vs 2.09 ± 2.03) and gender subgroups (females: 5.88 ± 2.11 
vs 2.51 ± 2.21, males: 6.57 ± 2.21 vs 1.76 ± 1.82) (P < 0.05). 
The prevalence of diabetes mellitus, cardiovascular disorders, 
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and cancer was significantly higher in the case group 
compared with the control group in the total sample and male 
subgroup (P < 0.05). However, there was not any significant 
difference in the prevalence of comorbidities between the case 
and control group in the female subgroup (P > 0.05) [Table 1].

Signs/symptoms
The comparison of signs/symptoms between two groups 
showed that the prevalence of cough  (50.00% vs 72.11%), 
headache (4.31% vs 21.09%), fatigue (44.83% vs 61.22%), and 
diarrhea (6.90% vs 16.33%) was significantly lower in cases 
than controls in the total sample (P < 0.05). A significantly 
lower prevalence of cough (51.35% vs 74.39%), shortness of 
breath (67.5% vs 82.93%), headache (1.35% vs 20.73%), and 
diarrhea (5.41% vs 17.07%) was also observed in cases compared 
with controls in the male subgroup (P < 0.05). Moreover, the 
prevalence of cough (47.62% vs 69.23%) and fatigue (40.48% 
vs 64.61%) was significantly lower in cases compared with 
controls in the female subgroup (P < 0.05) [Table 1].

Clinical variables
There was a significantly higher prevalence of sepsis in cases 
than controls in the total sample (12.07% vs 1.36%) and male 
subgroup (12.16% vs 0.00%) (P < 0.05). Our results indicated that 
the prevalence of intubation, severe COVID‑19, and in‑hospital 
mortality was significantly higher in cases than controls in the 
total sample and gender subgroups (P < 0.05). The mean duration 
of ICU stay was also significantly higher in cases than controls 
in the total sample and gender subgroups (P < 0.05). The mean 
value of SpO2 on admission was significantly lower in cases than 
controls in the total sample and gender subgroups (P < 0.05). 
The comparison of cases and controls regarding the type of 
administered medications showed that the prevalence of patients 
who received corticosteroids and interferons were significantly 
lower in cases compared with controls in the total sample and 
gender subgroups (P < 0.05) [Table 1].

Biochemical and radiological variables
The comparison of biochemical variables between cases and 
controls showed that the mean values of white blood cells, potassium, 
lactate dehydrogenase, creatinine phosphokinase, and maximum 
erythrocyte sedimentation rate were significantly higher in cases 
than controls in the total sample and male subgroups (P < 0.05). 
However, the mean value of hemoglobin was significantly lower in 
cases than controls in the total sample (12.46 ± 2.79 vs 13.53 ± 2.13) 
and male subgroup (12.83 ± 2.87 vs 14.26 ± 2.10) (P < 0.05). The 
mean values of serum creatinine and high sensitivity C‑reactive 
protein were significantly higher in cases than controls in the 
total sample and gender subgroups  (P < 0.05). There was not 
any significant difference between the two groups in terms of 
radiological features (P > 0.05) [Table 1].

Comparing survivors and non‑survivors across total 
sample and gender subgroups
Basic characteristics
The comparison of basic characteristics between survivors 
and non‑survivors showed that the mean age was 

significantly higher in non‑survivors than survivors in the 
total sample  (70.40  ±  13.23 vs 59.91  ±  18.14) and male 
subgroup (70.93 ± 10.25 vs 60.02 ± 18.79) (P < 0.05). The 
mean Charlson score was also significantly different between 
survivors and non‑survivors in the total sample (3.51 ± 2.84 
vs 6.33 ± 2.52) and gender subgroups (females: 3.58 ± 2.70 vs 
5.50 ± 2.31, males: 3.46 ± 2.94 vs 6.75 ± 2.56) (P < 0.05). The 
non‑survivors in the total sample (16.67% vs 3.64%) and the 
male subgroup (21.43% vs 2.36%) had a significantly higher 
prevalence of cancer compared with survivors  (P  <  0.05). 
Moreover, the prevalence of diabetes mellitus  (50.00% vs 
22.66%) was significantly higher in male non‑survivors 
compared with survivors (P < 0.05). No significant difference 
was observed between non‑survivors and survivors in the 
female subgroup regarding comorbidities (P > 0.05) [Table 2].

Signs/symptoms
The prevalence of diarrhea was significantly lower in 
non‑survivors than survivors in the total sample (2.38% vs 14.3%) 
and male subgroup (0.00% vs 14.6%) (P < 0.05) [Table 2]. We 
did not find any significant differences between survivors and 
non‑survivors regarding other sign and symptoms (P > 0.05).

Clinical variables
The prevalence of sepsis was significantly higher in 
non‑survivors than survivors in the total sample and gender 
subgroups  (P  <  0.05). According to our data, the mean 
prevalence of intubation and severe COVID‑19 disease 
was significantly higher in non‑survivors than survivors 
in the total sample and gender subgroups  (P < 0.05). The 
mean duration of ICU stay was also significantly higher in 
non‑survivors than survivors in the total sample and gender 
subgroups (P < 0.05). We found a significantly lower mean 
value of SpO2 on admission in non‑survivors than survivors 
in the total sample and gender subgroups (P < 0.05). However, 
the mean value of respiratory rate was significantly higher 
in non‑survivors than survivors in the total sample and 
gender subgroups (P < 0.05). We did not find any significant 
difference between survivors and non‑survivors regarding the 
type of administered medications except for the prevalence 
of administered antivirals in the female subgroup which was 
significantly lower in non‑survivors than survivors [Table 2].

Biochemical and radiological variables
The comparison of biochemical variables between survivors and 
non‑survivors showed that the mean values of white blood cells, 
serum creatinine, potassium, lactate dehydrogenase, creatinine 
phosphatase, and high sensitivity C‑reactive protein was 
significantly higher in non‑survivors than survivors in the total 
sample and gender subgroups (P < 0.05). Non‑survivor females 
had a significantly lower mean value of calcium (8.02 ± 0.63 
vs 8.68 ±  0.92) compared with non‑survivors  (P  <  0.05). 
Moreover, the mean value of hemoglobin  (12.48 ± 3.37 vs 
13.82 ± 2.33) was significantly lower in non‑survivors than 
survivors in the male subgroup  (P  <  0.05). We also found 
a significant difference between the two groups regarding 
radiological variables (P < 0.05) [Table 2].
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The association between CKD and risk of in‑hospital 
mortality
Multiple logistic regression models of the association between 
CKD and in‑hospital mortality for the total sample, males, 
and females are presented in Table  3. Our results showed 
that in the CRUD model, there was a significant positive 
association between CKD and in‑hospital mortality in the 
total sample (OR = 8.64, CI: 3.67–20.35), female (OR = 4.77, 
CI: 1.38–16.40), and male subgroups  (OR  =  13.43, CI: 
3.85–46.87) (P < 0.05). The association remained significant 
in the total sample and gender subgroups after adjustment for 
age (model I) (P < 0.05). Adjusting for sepsis, intubation, and 
the duration of ICU stay confounded the observed CRUD 
association between CKD and in‑hospital mortality among 
males  (OR =  2.00, CI: 0.3–13.17)  (P  >  0.05). Moreover, 
the association became insignificant across the total 
sample (OR = 1.70, CI: 0.35–8.19) and females (OR = 1.07 CI: 
0.06–19.82) after additional adjustment for severe COVID‑19 
infection, and Charlson comorbidity score  (P  >  0.05). The 
association between CKD and in‑hospital mortality become 
inverse among males after further adjustment for high 
sensitivity C‑reactive protein  (model IV)  (OR =  0.87, CI: 
0.07–10.33); however, the association was not statistically 
significant (P > 0.05).

Discussion
Infectious diseases are known as the most common CKD 
complications following cardiovascular diseases.[14] Some 
epidemiological studies have demonstrated that even mild 
to moderate reduction in eGFR is associated with increased 
risk of infectious diseases and hospitalization.[15,16] It has been 
suggested that a combination of various risk factors offers an 
increased risk of infectious diseases in CKD patients including, 
older age, comorbidities, and a weakened immune system.[17] 
Our results indicated that COVID‑19 patients with CKD were 
more likely to die in the hospital compared with non‑CKD 
patients. However, multivariable logistic regression revealed 
that CKD is not an independent predictor of in‑hospital 
mortality. According to our results, the higher risk of mortality 
in COVID‑19 patients with CKD is due to infection severity 
and Charlson comorbidity score. An association between 

CKD and a higher mortality rate has been suggested in several 
previous studies.[9‑12] The results of a study on more than 4000 
COVID‑19 hospitalized patients demonstrated CKD as a 
predictor of increased mortality risk.[9] A systematic review and 
meta‑analysis has also demonstrated an association between 
the risk of COVID‑19 mortality and several comorbidities 
comprising chronic renal disease.[10] A multicenter study in 
Turkey by Ozturk et al.[12] reported a higher mortality rate in 
COVID‑19 patients with CKD, stages 3 to 5, than patients 
without any kidney disease. However, the mediators of 
the association remained uninvestigated. Yamada et  al.[11] 
reported a significantly increased risk of mortality in CKD 
patients with atrial fibrillation, ischemic heart disease, and 
heart failure hospitalized for COVID‑19. Although, they have 
only assessed the prognostic effect of angiotensin‑converting 
enzyme inhibitor as well as underlying disorders such as 
diabetes mellitus and cardiovascular disorders on mortality.

Older age has been demonstrated as a risk factor for severe 
disease and mortality in COVID‑19  patients by previous 
studies.[18‑20] On contrary, the results of our study refused to 
recognize age as a predictor of mortality in COVID‑19 patients 
with CKD. The mean age was significantly different between 
cases and controls; however, the association between CKD 
and mortality remained significant after adjustment for age. 
It is possible that differences in the studied population, study 
design, and setting somewhat explain diverse results from 
various studies.

According to our results, the predictors of mortality in males 
were different from those in the total sample. Sepsis, intubation, 
and the duration of ICU stay were prognostic factors for 
mortality among males. We assume that less robust innate 
and adaptive immune responses to viral antigens among men 
increase the length of ICU stay and predispose them to the 
higher risk of sepsis and intubation as important determinants 
of in‑hospital mortality.[21-24]

This study has several limitations that should be noted. First 
of all, our patient population was relatively small; thus, we 
could not stratify our patients based on various stages of 
CKD. Second, there was a lack of information regarding 
anthropometric variables of patients, which resulted in 
disregarding their potential confounding role. Finally, we only 

Table 3: Summary of logistic regression of the association between chronic kidney disease and the risk of in‑hospital 
mortality in the total sample and gender subgroups

Crude model Model I Model II Model III Model IV Model V

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Mortality in the total sample 8.64* 3.67‑20.35 6.99* 2.79‑17.55 4.15* 1.22‑14.05 1.70 0.35‑8.19 2.08 0.48‑8.94 1.33 0.28‑6.23
Mortality in females 4.77* 1.38‑16.40 12.08* 3.09‑47.30 7.13* 1.06‑48.09 1.07 0.06‑19.82 1.88 0.18‑19.26 0.87 0.07‑10.33
Mortality in males 13.43* 3.85‑46.87 3.81* 1.05‑13.78 2.00 0.3‑13.17 1.32 0.10‑17.78 1.85 0.16‑21.81 1.21 0.09‑16.57
Model 1 adjusted for age, model II adjusted for age, sepsis, intubation, and the duration of ICU stay, model III adjusted for age, sepsis, intubation, the 
duration of ICU stay, severe COVID‑19 infection, and Charlson comorbidity score, model IV adjusted for age, sepsis, intubation, the duration of ICU 
stay, severe COVID‑19 infection, Charlson comorbidity score, and high sensitivity C‑reactive protein, and model V adjusted for age, sepsis, intubation, 
the duration of ICU stay, severe COVID‑19 infection, Charlson comorbidity score, high sensitivity c‑reactive protein, hemoglobin, and white blood cell. 
*Variable was considered statistically significant different at a P<0.05
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recorded the outcome and did not record the time to an event; 
accordingly, we could not be able to use Cox regression. As a 
result, further studies on CKD patients are warranted to explore 
the association between CKD and mortality risk plus related 
risk factors. In this observational case‑control study, there was 
an indirect association between CKD and in‑hospital mortality 
which was mediated by infection severity and comorbidities. 
Therefore, more intensive surveillance of COVID‑19 patients 
with CKD is to be warranted.
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